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Since 1937 Librascope has earned and 
achieved —on an ever expanding scale — 
a position of leadership in the design, 
development and manufacture of 

Pe Fee computers, automatic controls and data 
handling systems for military and 
industrial applications. 

Librascope, through a unique 
combination of electronic, magnetic, 
mechanical and optical techniques, 
consistently demonstrates an outstanding 

Th facility for the production of precision 
€ instrumentation and devices. 
. . The creative ability of an exceptional 
Capac l ty engineering staff and the production 
capacity of a superbly equipped 
fo r 200,000 sq. ft. plant facility can be 


focused on your computer-control 


Ac h eveme nt problem. Consult Librascope today. 


ENGINEERS... learn about Librascope’s 
new creative “Project Development Teams’: . . 


write Mac McKeague, Personnel Director 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE, INC. - 8O8 WESTERN AVE. - GLENDALE + CALIFORNIA 
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ship’s roll before 


A PROVED ANTI-ROLL DEVICE for ocean-going 
liners means comfort to the passengers, com- 
petitive advantages to shipowners and dynamic 
problems to engineers—problems which can be 
handled with ease with GEDA Analog Computing 
Equipment built by Goodyear Aircraft. 


FOR GEDA UTILIZES ordinary engineering math- 
ematics to produce answers in the convenient 
variable-versus-time chart form—provides the 


©, 
sail 


after stabilizing Hydrofoil 


complete transient and steady-state solution. 

AS VERSATILE as it is dependable and easy to 
operate—the famed Goodyear Electronic Differ- 
ential Analyzer can cope with and cull the bugs 
from difficult control problems facing you in 
your industry! Why not get the full facts on 
GEDA advanced design computing equipment? 
Write: Goodyear Aircraft Corporation, 
Dept., 931GL Akron 15, Ohio 


Se oe COMPUTERS — best way to give your hunch a chance! 


Goons EAR AIRCRAFT 


CIDA-—T M. Goody 
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Function 


Transmitter 
Control 
Transformer 


Control 
Transformer 


Resolver 


Repeater 


Differential 


Type 
Number 


CGC-8-A-7 
CTC-8-A-1 


CTC-8-A-4 


CSC-8-A-1 


CRC-8-A-1 


CDC-8-A-1 


Excitation 
Voltage 
400 cy 


Rotor 26 100 
1 Phase 

Stator 90 
3 Phase 

Stator 37 
3 Phase 

Stator 
2 Phase 

Rotor 

2 Phase 

Rotor 

1 Phase 


Stator 
3 Phase 


Input 
Current 
(ma.) 


Primary 
Element 


Total Null max. 20mv for each unit 
Also available in 115v 400 cy. primary, 90v secondary Transmitters, C.T.'s, Receivers 


Input 
Power 
(Watts) 


50 


230 


091 


268 


430 


50 


21 


Primary 
Impedance 
Secondary 

Open 

(Phase) 


54+ 
j260 
28+ 
j110 


67+ 
j270 
38+ 
136 
280+ 
j600 
54+ 
1260 
27+ 
j120 


Primary 
Resistance 


Secondary 
Element 
(line) 
37.0 Stator 
3 Phase 


24.7 Rotor 
1 Phase 
Rotor 
1 Phase 
Rotor 
2 Phase 
230 Stator 
2 Phase 
Stator 
3 Phase 
Rotor 
3 Phase 


59.5 


27.0 


37.0 


25.0 


Output 
Voltage 


Secondary 


Impedance Secondary 


Primary 


Open 
(Phase) 
12+ 
j45 
220+ 
j740 
508+ 
11680 
280+ 
j600 
38+ 
5136 
12+ 
45 
38+ 
j122 


Impedance 


Primary 
Shorted 


15+ 
j3.5 
246+ 
j60 
640+ 
j190 
3444 
175 
70+ 
j29 
15+ 
43.5 
47+ 
jl4 


Secondary Phase 
Resistance 


(line) 


Sensitivity 
mv. /deg 


Accuracy 
Shitt Minutes 
Degrees Max. 


11.8 8 200 7 

143 400 7 
400 7 
400 7 
180 7 
200 30’ ° 


9 200 7? Rotor 


7 Stator 


*Torque 2600 mg.-mm. ‘degree from CGC-8-A-7 





CLIFTON PRECISION 


CLIFTON HEIGHTS 


CONTROL 


ENGINEERING 


WHY USE 1945 SYNCHROS IN 1956 DESIGNS ? 


Clifton’s new Size 8’s can take the place of 


larger units at very significant saving in 


bulk and weight. 


These new Size 8’s are now in use in some of the 
latest and lightest avionic equipment. In equipment 
which must be flown, why load on extra weight ? 


Samples are available from stock, quantities 
from the production line. 


LOOK TO CPPC FOR SYNCHRO PROGRESS 


by 


ODUCTS COMPANY INC. 


PENNSYLVANIA 
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e completely 
self-draining 


e withstands 
severe 
conditions 


@ foolproof 
operation 





The new Jerguson No. 23 Drain or 
Sampling Valve is completely self drain- 
ing, for the valve stem seats on the out- 
side of the valve body. It is ideal for 
installations where it is desirable to 
have the valve seat inside the wall of a 
vessel in order to prevent the typical 
condition of liquid remaining in the 
nipple and valve inlet. 


This rugged, new Jerguson Valve 
has outside screw and yoke construction 
to meet high temperature or corrosive 
conditions where inside threads cannot 
be tolerated. The efficient outside thread 
design eliminates possible freezing and 
allows the valve stem to work freely at 
all times. The No. 23 Valve provides 
foolproof operation because the stem is 
constructed with a left-hand thread, thus 
allowing the valve handle to operate in 
the normal direction of standard valves. 


The No. 23 is recommended for 
pressures up to 4000 Ibs. @ 100° F. or 
1000 Ibs. @ 750° F. Standard with 34” 
N.P.T. Male inlet and 34” N.P.T. Female 
outlet. Optional features include con- 
struction with an additional connection 
for such uses as a steaming out line, or 
with a reamer on the end of the stem to 
break away encrusted matter which may 
have collected on the inside vessel wall. 


Write for data unit and complete 
details. 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerviile 45, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
_  P6trole Service, Paris, France_ 
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SHOPTALK 


LET’S DO IT YESTERDAY 

The two stories that open the What’s New section this 
month are good reasons why planning feature articles for 
Conrrou ENGINEERING can never be far enough ahead. 
Consider our comprehensive series on Basic and on Applied 
Digital ‘Techniques (Basic No. 3 is on page 60 and the 
_ of the Applied series on page 40). ‘They were planned 

) prime new users of pulse equipment for the work 
a face. And now in the news are two great industries— 
banking and railroading—already well launched into the 
digital field. Not that we expect a dramatic upsurge in 
readers at mahogany desks behind potted palms. Or on 
cabooses. But we wouldn’t be surprised. Incidentally, 
more than coincidence is behind these field doings and 
our feature planning. One of our strong advocates of the 
digital series was Dr. Jerre Noe of Stanford Research Insti- 
tute. Jerre went on to author the very first article in our 
October issue. But it remained for Charley Scarlott, man- 
ager of SRI’s technical information service, to tip us off 
last summer. Jerre had to sneak writing time from a heavy 
workload that includes readying a new (and newsworthy) 
accounting machine for Bank of America. | 


Charley Scarlott 
(center) tips off 

Bill Vannah, while 
By Ledgerwood nods 
a knowing head 


NEITHER FLOOD, NOR RAIN 


On Oct. 15 Managing Editor Lloyd Slater saw the water 
roaring off his Weston, C onn., hillsides and wondered how 
the nearby Perkin-Elmer plant was faring. Three days later, 
when he finally fiorded into New York City, he called 
P & Fad man Chuck Miller for details. They were so vivid 
and so abundant that Chuck asked P. R. man Charley 
Dayton to tote the makings of the yarn on page 28 to our 
office. Look below to see way we were amazed to have this 


help from Chuck and Charley. 


This is what happened 
to Chuck and Charley 
(and wives) on the 
night of the flood 
near Ridgefield, Conn. 





a neu contol 


PROVED 


SUPERIOR 
by leading 
manufacturers of 
major appliances 
and in other 
applications 


Jie NEW 


GUARDIAN 


ing functio 


=> 


%~€ a switching device actuated by a pi&nger comb 


WASHING MACHINES 


It’s here—a towering achievement in the fields of electrical and electronic 
control—the new Guardian RELOID! An exclusive development of Guardian 
Electric, the new Guardian RELOID has been hailed as a highly valuable 
contribution to the Science of Circuitry Design. Positive in action—flexible 
in application—compact—totally enclosed—lightweight—dependable for long 
life operation—priced extremely low. 


ALL-PURPOSE 


of a relay dad a solenoid. 


GUARDIAN SERIES 


Ultra-small . . . but packed 
with power! Rated up to 8 
amperes for A.C. or D.C. 
Contact combinations up to 


COIL 


Standard voltages. Available in 
either A.C. or D.C. for any specific 
voltage from 6 to 115. 
Frequency. Standard, 60 cycles. 
Available 25 to 60 cycles, upon 
specification. 

Terminals. Standard, two male 
A.M.P, terminals. 


— 


company letterhead to arrange for a 
PRODUCTION SAMPLE of Guardian's new 


CONTACTS 


Rating. Up to 8 amperes at 115 
volts, non-inductive 

Combination. Specify either single 
pole, single throw or single pole, 
double break. 

Insulation. Molded bakelite, tested 
at 1,500 volts, 60 cycles. 
Terminals. Three contact leads, 
plugged with molded bakelite. 
Specify either A.M.P. or Douglas 
type terminals. 


RELOID* 


an exclusive Guardian product obtainable only from Guardian, the 
originator of this great advance in control engineering. 


GUARDIAN WELECTRIC 


1623-P W. WALNUT STREET 


A COMPLETE LINE OF RELAYS SERVING AMERICAN 


CHICAGO 


3 P.D.T. Weighs 1.9 ozs. 
Write on company letter- 
head for details. 


KONTAKTOR GRAM GAUGES 


Measure mechanical pressures 
easily, accurately with these 
precision spring scale gauges. 
Measuring range 
2 to 2000 grams. 
Write on company 
letterhead today 
for free circular 


KG. 


12, ILLINOIS 


INDUSTRY 
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Noise Free 
A.C. Power! 


NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 
VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 

@ Furnishes 1.4 KVA of distortion-free 
power 
Electronically regulates 115 V out- 
put to +1% 
Recovery time less than 1/50 cycle 
Provides additional 4 KVA of +1% 
electromechanically regulated 
power 
Electromechanical time constant 
only 0.6 seconds 
Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency noise appearing in 
115 V., 60 cps power sources. In one 
compact package, every laboratory 
can now obtain both 

1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c. computer system null- 
ing operations. Many other applica- 
tions. 230 V. model also available. 
Immediate delivery. $1,689 f.o.b. 
Carlstadt, N. J. Write for details. 


Component & Instrument Department 
CURTISS-WRIGHT 
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FEEDBACK 


He who seeks 


To THE Eprror— 

Do you know of any colleges 
which offer extension courses in auto- 
matic control theory? Correspondence 
courses? I know of several which offer 
resident instruction, but I can’t afford 
to take the time to attend. 

J. H. Ware 

Instrument Engineer 
Kaiser Aluminum Corp. 
Baton Rouge, La. 


To rHe Eprror— 

The recent survey of the curricula 
of 67 accredited engineering colleges 
and universities by the Instrument So 
ciety of America’s Education Commit 
tee has called to my attention the 
possibility of a university offering con 
trol technology courses by correspond 
ence. My degree is in Mechanical E:n- 
gineering and I am weak in electronics 


THE PROBLEM FORUM ... 


; is particularly busy this 
month. Several readers answered 
the problem presented in the Oc- 
tober forum. A summary of their 
answers starts on page 11. A new 
problem is posed below. What is 
your solution to it? 

Continue to send in problems 
and answers. Readers whose 
problems are printed will receive 
the complete file of answers and 
enough cash for a tankfull of 
gasoline. And those whose solu- 
tions are printed will receive 
awards, too. 


December's prize problem 


A 200 hp de motor drives an alter- 
nator through a gear train. Supplying 
power to the field of the de motor to 


and desire to embark on a planned 
study program of higher mathematics, 
clectronics, and control technology. 

I will not be able to take resident 
instruction and feel that a planned 
study program with some guidance 
would be considerably better than 
haphazard study. 

If such a program is available by 
correspondence, I am sure there are 
others in the same situation who 
would be interested. Your investiga 
tion of this would be greatly appreci 
ated. 

Harold FE. Crider 


Pensacola, Fla. 


shall learn 


International Correspondence 
Courses, Scranton 9, Pa., offers a three- 
step correspondence course, “Indus- 
trial Instrumentations’’, for instrument 
mechanics and technicians. However, 


regulate its speed, and hence the fr 
quency of the alternator’s output 
voltage, is a war surplus motor-gener 
ator (amplidyne) unit. 

With the system carrying only 
idling load, a sustained thirty kw in- 
crease in load is suddenly pulled on 
the alternator. The motor-generato1 
control unit then requires five to six 
sec to return the dc motor to desired 
speed. 

1. How can the recovery time be 
reduced? 

2. What per cent increase in 
transient peak power must the ampli 
dyne unit handle to produce the 
dynamic performance indicated by 
the solution to question (1)? 

3. Will the necessary increased 
current cause motor breakdown? 

Edwin F. Rutschmann 
1306 Marshalldale 


Arlington, Texas 
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we have not unearthed a correspond- 
ence course at a professional engineer- 
ing level. Of possible aid is the infor- 
mation that the University of London 
will set up a correspondence course in 
any subject for anyone, anywhere. 

Ambitious control engineers along 
the Gulf Coast might query the fol- 
lowing for extension courses and short 
courses: 


> C. D. Holland, Texas A & M, Col- 
lege Station, Texas. 

> Prof. A. J. Keller, Louisiana State 
University, Baton Rouge, La. 
> Louisiana Polytechnic 
Ruston, La. 

> And the residents of the Sunshine 
State may contact Prof. Mark Tyner, 
University of Florida, Gainesville. He 
conducts, we are told, a control en- 
gineering “retread” course for process 
engineers. 

We are working with the Educa- 
tion Committee of ASME’s Instru- 
ment and Regulator Div. on the 
problem presented by both readers, for 
they are not alone in their educational 
needs. With sufficient support and 
encouragement, this committee will 
endeavor to develop course outlines 
and training aids for small groups that 
want courses in automatic control at a 
professional level. And with specific 
evidence of demand, it may make ar- 
rangements to offer the material in a 
correspondence course. Demonstrate 
your interest by dropping this editor a 
note outlining your needs. I'd. 


Institute, 


Critique ... 


To THE Epiror— 

The following is a comment on 
These Seven Steps Design a Tach 
Stabilized Servo by J. E. Kadish, in 
the August issue of Controt En- 
GINEERING. 

The idea that a servomechanism 
can be designed in handbook fashion 
is potentially very misleading. Unless 
all of the original assumptions con 
cerning the problem specification are 
met, the design procedure may lead 
to erroneous answers. 

As an example, Mr. Kadish assumes 
that the frequency response is a sec- 
ondary consideration. In many in- 
strument servomechanisms, this is not 
true. In particular there is a minimum 
bandwidth established by the need to 
accurately follow the input, and there 
is also a maximum bandwidth neces- 
sary to minimize the following of 
noise. Mr. Kadish’s example of radar 
following is particularly affected by 
this latter consideration. 

In Step 4 Mr. Kadish limits the 


transmission of 


pressiire 


information 








MODEL 47155 


INDUSTRIAL 
PRESSURE 
TRANSMITTER 


PRESSURE RANGES 


Absolute (psi) j try ose 390. 


0-4, 0-10, 0-15, 0-20 
biffecential 0-30, 0-50, 0-75, 0-100 

> —5to +5, —10 to +10, 
(ps —15 to +15 





An improved, low cost, high accuracy ver- 
sion of GIANNINI Pressure Transmitters 
that have been used for many years in air- 
craft and missile applications. The Model 
47155 has been designed for industrial use 
and features high outputs (up to 40 volts) 
that can be used to operate indicating and 
recording devices without amplification. 
Precious noble metal alloys are used in the 
potentiometer winding and wiper for low 
friction, high resistance to corrosion and long 
operating and shelf life. 


Write for data sheet 47155. 


PRODUCT OF ELECTROMECHANICAL 
East Orange, New Jersey 





G.M. GIANNINI & CO., INC. 


918 EAST GREEN ST., PASADENA 1, CALIF. 
EUROPEAN REPRESENTATIVE: GIANNINI ITALIANA S. p.A., VIA ALBERTO DA GIUSSANO 15, MILANO, ITALY 
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WHY... 


has this time delay relay 
aroused such interest? 





@ May be ENERGIZED CONTINUOUSLY . . . does not 
require auxiliary lock-in circuits . . . a load car- 
rier in itself 

@ Snap-ActTIon contact speed ... up to DOUBLE- 
PoLe, DouBLE-THROW switching. 

@ Sm™Mp.Le HERMETICALLY-SEALED time element. . . 
long life stability. Not subject to aging or fatigue. 

@ Low Cost as a unit; even lower considering sim- 
plified installation. 

@ The Name... Silic-O-Netic Time Delay Relay 


... MEANING: SILICone controlled, magNETIC 
flux variation. 

@ It’s NEw... the Type “A” Silic-O-Netic Relay 
is a vastly improved model. 


STRAIGHT FACTS 


Time Delays from 4 to 120 seconds 


Small size Overall dimensions 
26" x 2” « 1%, Weight 3 ozs 


Operation Hydraulic-magnetic principle 


Write for Bulletin T-5002 gicieay 


raelahicl 


Meet hiola Me) ol-igehilols Mme lolol! 


Contact capacity 3 amp. at 120. volts 
AC (Non-inductive rele | D.P.D.T 


HEINEMANN 





ELECTRIC COMPANY 
162 Plum St., Trenton 2, N. J. 


CONTROL ENGINEERING 









FEEDBACK 


tachometer-stabilized system to a 
velocity constant of 200. It should 
be brought out, however, that much 
higher velocity constants can be 
achieved by also employing compen- 
sating networks in the dc section 
provided by the demodulator-mod- 
ulator of Figure 5. In fact, by em- 
ploying this means and by considering 
the possibility of adding inertia to the 
motor, a great range of natural fre- 
quency and velocity constant can be 
obtained, including very high velocity 
constants at very low natural fre- 
quency. 

I believe Mr. Kadish will find that 
the figure of merit of a motor can be 
expressed with greater meaning as 
(stall torque)*/ Motor Inertia. 

It would be interesting to find out 
what other readers’ reactions are to 
“handbook” procedures for servome- 
chanism design. I do not feel that 
servomechanism design can be re 
duced to handbook procedures except 
for the most elementary applications. 

A. M. Fuchs 
Baltimore, Md. 


. and author's reply 


To THE Eprror— 

The comments by Mr. Fuchs on 
the tachometer stabilized servo article 
are interesting, but fundamentally in 
disagreement with some of the writer’s 
beliefs. 

There is a somewhat esoteric atti 
tude prevalent among many servo peo 
ple to the effect that their particular 
specialty cannot be worked at without 
some very profound study and back 
ground. It was disagreement with 
this attitude that prompted me to 
take a simple case of “designing a 
relatively low-performance” servo (to 
quote the article )and attempt to dem 
onstrate that the steps were straight 
forward, and really could be followed 
almost in “handbook fashion”. Ad- 
mittedly, the presentation itself mav 
not have proven my point as well as 
I would like. Probably a more ex 
tensive discussion of bandwidth would 
have measurably improved the pres 
entation. Nevertheless, I do main- 
tain that ene can arrange such servo 
design work in sequential order and 
tackle it in this manner. Further 
more, I believe that by an extension 
of assumptions of design parameters, 
one can evolve a “handbook fashion” 
design procedure for servos far more 
complex than the very elementary 
ones described in the article. In view 
of our current national shortage of 








PRODUCE 
MICRO-SECOND 





Vari-Count 


i ik ile Haydu Numerical Indicator Tube ‘Nixie’ 
H-B101 
Haydy Beam Switching Tube MBS 


Two outstanding basic electron components . . . Haydu’s 
“Beam Switching Tube” and “Nixie” the numerical indi- 


cator tube . . . are combined to make possible this versatile 
new instrument. 


Static to megacycle counter Microsecond recycling 
distributor Mic d cleari 
Mic del ie peeset icrosecond clearing 

Microsecond variable scale output Preset gating 


(6700) 


Replaces 20 Tubes Low power consumption 
Megacycle counting 0-9 Electronics most reliable 


distributor 
Megacycle preset Pentode “working” output 


(HB106) 


17 3 1” In-line readout 
10 digit 0-9 gas indicator tube Common anode prebiasing 
“Two-dimensional” Low power 








Write for complete technical data to: 


Large, in-line numbers Bibd 
Ne BROTHERS OF NEW JERSEY 
PLAINFIELD, NEW JERSEY 


SUBSIDIARY OF BURROUGHS CORPORATION 2 





“aM PHENOL 


4 contact tail styles - ++ 


PRIN-CIR | a 


S 
= 
CONNECTORS - 


revolutionary 
NEW 
contact design 


IN 
AMPHENOL 


PRINTED CIRCUIT 
CONNECTORS 


10, 15, 18, 22 contacts ++ 


Prin-Cir connectors are the result of careful design 
work by AMPHENOL Development Engineering. They fea- 
ture compact bodies and a new contact design that is greatly 
superior to any available for printed circuit applications. 


Prin-Cir contacts can’t be set, can’t be overstressed 
when used with standard .061” to .071” boards, have very 
low millivolt drop and extremely long life. This contact 
has an extra-long spring base and a circle-lip for good 
wiping action. 


Prin-Cir connectors are available with 10, 15, 18 and 
22 contacts in four contact tail styles: Standard Eyelet, 
Wire Wrap, Pin and Open End. They may be ordered with 
one or more polarizing keys in any contact location. 


Bodies are molded of an improved version of AMPHENOL 
blue dielectric and contacts are gold-plated. 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 


In Canada: 


AMPHENOL CANADA LIMITED, Toronto 


“AM PHENOL 


FEEDBACK 


| engineers, I feel that it is rather im- 


portant to make many design pro- 
cedures simple and somewhat routine 


| in order to enable persons of lesser 


experience to be of more use to their 


engineering group. No implication is 


intended that work accomplished by 


| these less experienced engineers needs 


no monitoring. ‘The desire to limit 
the article to elementary servos led 


| to the omission of discussion of meth- 


ods for altering velocity constant and 
bandwidth. Mr. Fuch’s comments 
about compensating networks and mo- 
tor inertia are certainly applicable and 
well taken. 

J. E. Kadish 

American Machine & 

Foundry Co. 
Boston, Mass. 


Reader response has been so en- 
thusiastic to the handbook-like article 
that we have scheduled for publica- 
tion many more on specific control 
problems. We do urge the reader, 
though, to check the original assump- 
tions on which are based the analyses 
presented in the articles. Ed. 


Idea for inventors’ hall of fame 


oO THE Eprror— 

We like to make the following sug- 
sestion as I know you are always open 
to new ideas: 

Each engineer who is an original 


| thinker likes to think of the number 


of patents (or assigned patents) in his 
name as a measure of his relative 
power as an inventor. Suppose your 
magazine sent a letter to each sub- 


| scriber, asking him and his associates 


to list (for confidential filing) the 
patent numbers assigned to him. Then 
on a page entitled “A Salute to the 
Inventors Among Us” the man’s 
name, company, and quantity of 
patents would be indicated. Those in 
the upper 10 per cent would come 
first, with gold star mention. No 
doubt it would take several issues to 
list everyone. The list should prob- 
ibly be reserved for those with three 
or more patents to keep from being 


| too lengthy. 


I have never seen the above done 
before, but am sure that it would bring 


some small recognition and be ap- 
| preciated by those involved. It could 
| be made more interesting to first give 
| honorable mention to such famous 


men as Edison, Stienmetz, etc, and 

the number of patents in their name. 
Jerrold B. Winther 
Alectric Mfg. Co.., 
Kenosha, Wis. 





Help the article clipper! 


To Tue Eprror 
Would it be possible to print your 
magazine so that all the articles and 
editorials are backed up or separated 
by ads? I don’t save the whole mag- 
azine—I clip articles and drop them 
in file folders. Many times it isn’t 
possible to do this when one interest- 
ing article is printed on the back of 110 
another. Perhaps other readers have 


the same trouble. VOLT DC 


If adopted it might be played up 
as another innovation or improvement ROTA RY 
in reader service. Likewise, maybe 
advertisers would like to locate their SWITCH RVF 
material between articles where _ it 
would get more attention. 
W. Jewsbury 
Instrumentation Group 30 Points 
Engineer 6 Levels 
Bell Aircraft Corp., Single 


Buffalo, N. Y. Wiper 


nes or 
Ihe problem comes up repeatedly. 15 Points 

There are a couple of ready solutions. 12 Levels 

The first is easy—fill in and send to Twi 

us the reprint coupon, published — 

periodically, for reprints of articles Wipers 

that you cannot obtain intact by clip- 

ping your copy. The second calls for ‘ 

the editors to back the last page of A at fF d- Ss. b ; 

each right-hand closing article with in or yds tems eSIg nerd 

a one tticl si . W : i . 

pte Ae this — io st. 7 Combining outstanding quality and craftsmanship with the most advanced prin- 

hal Pt deste ‘ Pe “Th. ciples of design and construction, the R V F Rotary Switch features greater re- 

eabadiane of Geant anti with i liability, smoothness of operation, precision, speed, longer life, compactness 

pats “é > -S with ads d light weight tandard specifications. 
raises other problems that we would oe eee 


‘ ‘i ilt-in. sili i i 24 $ It 
be glad to discuss in person but would 1. Built-in silicon carbide spark suppression on and ‘8 vo 


° ° standard switches. 
rather not belabor in this column. Ed. 2. Each switch is shock mounted with full spring suspension for 


shock and vibration isolation. 
3. Bank and drive mechanism completely dust-proof—in trans- 
parent cover—permits easy inspection. 


SOME ANSWERS TO 4. Rotor index visible from top or bottom. 
5. 10,000,000 revolutions with no adjustment, 
THE PROBLEM FORUM 6. Bifurcated wiper contacts. 
7. And more... 
’ ~ MOUNTING CENTER 3% 
October's Problem: -Convert the 1 + 
0-30 mvac output of a strain gage MAR 
bridge to a proportional frequency. EI Te CNR HAE + 2 « r 10 r 
Spe if 7 ti A . non-bridging . . . connecting two 
. pec 1Ca 10nSs: individual adjacent contacts. Inter- 
I’requency band, 500 to 6,000 rupting springs of special contact 
cps alloy ... needs no field adjustment 
: nn : 
Resistance vs. frequency, linear ee eee 
° ° wection ... irrve . 
within 1-2 per cent of full scalc spring. Switch overtravel is impos- 
Record on magnetic tape sible . . . positive stopping at any 
From: Jack W. Schmidt, General selected point. 
Motors Corp., Indianapolis, Indiana USAGE: Automatic controls . . . 
Selected Solutions: Scanning . . . Coding .. . Register 
: t ae ing . . . Se- 
(1) In the August forum R. K. rtensy Obie ggg releigg 
. an ee quence Operation ... Pulsing ... 
Dickey, Berkeley, Calif., offered sev 
cral circuits for integrating a voltage. 
Three of his circuits will develop 
pulses at a rate proportional to voltage 
by charging and discharging the tim- _— Detailed specifications available on request. 
ing condenser of a blocking oscillator. 


(2) George E. Row, Apt. 7, 644 E. \ | 
22nd St., Indianapolis 5, Ind., pro ‘ NORTH ELECTRIC COMPANY 
poses tuning an oscillator with a servo S37 South Merket Street, Gelien, Ohie 


motor. It would be driven by the 
amplified difference between the out- 
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Tele-metering . . . Computors. 
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New a 
Precision Potentiometer 


by GAMEWELL 


- 
7 — 


a 
5 











y 


Here is a %” potentiometer that offers you the extreme precision 
found in larger sizes of Gamewell Potentiometers. 


Body is of anodized aluminum and the shaft is made of stainless 
steel. Kohlrausch type winding provides excellent linearity and the 
unit meets MIL-E-5400 specifications as they apply. 


The unit can be modified for special mounting, Multiple gangs, 
higher operating temperatures, and other special features upon re- 
quest. Write for additional informa- 
tion about this miniature precision 
potentiometer. 





CONDENSED TECHNICAL DATA: 


*30K +5% THE GAMEWELL COMPANY 


20 ohms NEWTON UPPER FALLS 64, MASS. 
Linearity 


Electrical Angle 
Resolution 








%_” long 
cos ibinexncessas 0.2 oz.-in. PRECISION POTENTIOMETERS 


*Maximum Values Manufacturers of Precision Electrical Equipment Since 1855 
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FEEDBACK 


put of the strain bridge and an fm de- 
tector that feeds back a measure of the 
oscillator’s frequency. 

(3) R. W. Butenbach, 3717 Sun- 
dale Rd., Lafayette, Calif., was so 
taken with Jack Schmidt’s problem 
that he sent in a five-page treatise, 
complete with schematic and a cali- 
bration curve. He, too, suggested driv- 
ing an RC oscillator with a servo- 
motor. 

(4) Marvin Weiss, Norden Labora 
tory Corp., 121 Westmoreland Ave., 
White Plains, N. Y., wants to tune 
the oscillator with a variable ait 
capacitor driven by a_ D’Arsonval 
movement connected to the rectified 
output of the strain bridge. He writes, 
“The capacitor tunes an_ oscillator 
from 100,500 cps to 106,000 cps. Over 
such a small range the frequency 
variation can be made quite linear. 
(his oscillator is beat against a 100, 
000 cps crystal oscillator and the out 
put passed through a low-pass filter.” 

(5) A. B. Kaufman, Arnoux Corp., 
11924 W. Washington Blvd., Los 
Angeles 66, Calif., advises, “Jack 
Schmidt’s problem . . . is solvable by 
commercially available components 

. such as employed in aircraft and 
missile telemetry systems for flight 
test of vehicles. They are available 
from Raymond Rosen Engineering 
Products, 32nd and Walnut Sts., 
Philadelphia 4, Pa.” 

(6)Alert Robert Spiegel, Project 
Engineer at the suggested source, 
writes, 

“Our Bridge Activated Oscillator 
supplies excitation to the strain gage 
bridge at its own operating frequency, 
amplifies the bridge output, and fre- 
quency modulates an LC oscillator 
with the amplified signal. Use with 
a 120 or 300 ohm bridge having a 
maximum output of 2.5 to 5 millivolts 
per volt of excitation is typical. 

“In order to meet the requirement 
of 500 to 6,000 cps frequency band, 
I suggest changing the frequency of 
an oscillator operating at 14.5 kg 
plus or minus 74 per cent to the de- 
sired band by first tripling, to achieve 
5,500 cps total excursion, and then 
heterodyning to the fistal operating fre- 
quency. Thus, the bridge-activated 
oscillator operates in its factory de- 
signed frequency band, where the 
linearity is typically plus or minus 
14 per cent of the best straight line, 
and is transposed to the operating 
frequency by a scheme which does 
not introduce frequency modulation 
distortion.” 





which way* 
to measure 


jet engine 


performance? 


Actual photograph 


TYPICAL SYSTEM 
OPERATIONAL DATA 


. Accuracy: .015 in 100% of readings 
at room temperature. 
.025 in 85% of readings 
at —55°C and +70°C. 
.035 in 15% of readings 
at —55°C and +70°C. 
. Altitude: No specific limitation. 
Power: 115V, 400CPS, single phase, 18VA 
. Pressure Ratio Range: 1.2 to 3.4 
. Pressure Ranges (operating): 
Pt2—2 to 50” Hg. Abs. 
Pt,—2.4 to 100” Hg. Abs. 
Pt,—Pt.—0.4 to 70” Hg. 


. Temperature Range: —55°C to +120°C 

. Weights: 

Transmitter: 2.2 Ibs. 

indicator (including integral 
amplifier): 1.8 Ib. 


. Response: Full Range in 7 seconds. 


KOLLSMAN PRESSURE RATIO THRUSTMETER 
used on Convair’s F-102 and McDonnell’s F-101 


ustmerers 


to indicate PRESSURE RATIO...to indicate DIFFERENTIAL PRESSURE 


KOLLSMAN is in production... 
on components for BOTH TYPES—for Remote or Direct reading 


For over a quarter century, Kollsman has been 
making precision pressure sensitive mechanisms using 
displacement type diaphragms. This diaphragm can be 
called the heart of a thrustmeter pressure indicating system. 





Our long experience making displacement type diaphragms 
guarantees reliable thrustmeters. 











Proven Kollsman displacement type diaphragms, 
when fitted with Kollsman Synchrotels, comprise the 
transmitters for remote indicating types. Thousands 
of Synchrotels are now in use in other applications 
equally demanding of accuracy and durability. 

Tailor-made Thrustmeters can be supplied 
for any engine-airplane combination. Write for 
complete technical information. 


*The Pressure Ratio System has advantages for indicating 
optimum climb and cruise throttle setting, whereas the 
Pressure Differential System has a definite advantage at take-off. 


Kolisman activities cover these seven fields: 


AIRCRAFT INSTRUMENTS © PRECISION CONTROLS 
PRECISION COMPUTORS AND COMPONENTS + OPTICAL COMPONENTS AND SYSTEMS 
RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT * MOTORS AND SYNCHROS 
INSTRUMENTS FOR SIMULATED FLIGHT TRAINERS 





ko | | S mM a n INSTRUMENT CORPORATION 


80-20 45th AVE., ELMHURST, NEW YORK « GLENDALE, CALIFORNIA ¢ SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 
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Out 
of 
this 
world 


/ 


The. world’s foremost servo test equipment by 
PHE SOLARTROMW ELEGTROMIG GROUP LTD. 


les: Solartron, Thames Ditton Thames Ditton, Surrey, England. Telephone EMBerbrook 5522 
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HENRI-GEORGES DOLL 
prospects in control 


There is a strong and growing conviction among 
educators that tomorrow’s creative control engineer 
will rely more on broad scientific background than 
on specific engineering skills. Henri-Georges Doll 
and his accomplishments might well serve as a model 
for this theory. 

Consider Mr. Doll’s background: science, engi 
neering, and finally graduate work in fundamental 
sciences at two of France’s outstanding technical 
schools. And then a career in research with two 
geophysical prospecting firms from 1926 until 
World War II. His pre-war accomplishments in 
his chosen field are represented by basic patents and 
papers on subsurface geophysical prospecting. 

With the advent of World War II, Doll, a 
citizen of France, saw active duty as an officer in 
the field artillery of the French Army until he was 
called from the field to lead the development of a 
much-needed mine detector. He accomplished the 
assignment, only to see prototype, data, and records 
destroyed when he escaped to Africa and, eventually, 
Houston, Texas, after the fall of France. In Houston, 
with the financial and technical assistance of the 
Schlumberger Well Surveying Corp., he and Dr. 
Charles B. Aiken built a model that was convincingly 
demonstrated to the War Department. A model 
was used to find the silver dumped into Manila Bay 
at the time of the Japanese conquest. 

Seeking a significant defense need, Doll and his 
group found it in a pioneer application of automatic 
control to weapons. For the effort, a non-profit sub- 
sidiary, Electro-Mechanical Research, Inc., was estab- 
lished by Schlumberger with Doll as president. One 
of the most significant EMR projects early in the 
war was an automatic anti-roll stabilizer for homing 
bombs. The system has been described in a history 
of weapons as “novel in those days in that it 
worked.” Needless to say, this is an important objec- 
tive for any control system. But much more impor- 
_ tant, considering the era, were the control tech- 
niques conceived and the method of analysis used. 


No bombs to play with 


In devising the system Doll did not know of, and 
hence bypassed, the usual linear combinations of 
proportional and rate control actions. And with no 
bombs to play with, he could not solve the problem 
by cut-and-try. He wrote the transient equations 
that described the rotational dynamics of a bomb 


stabilized by movable fins. ‘Then, from phase-plane 
studies he developed a predictor circuit incorporat- 
ing a memory and acting through a reversing clutch 
on the anti-roll fins. Subsequently, while studying 
improvements on autopilots, he developed a new con- 
trol using an optimized non-linear switching function 
generated by an electro-optical predictor. 


Proved in Wind Tunnel 


This milestone work in non-linear control was 
proved in a home-made wind tunnel in the latter 
part of 1942—a time when the routines of servo- 
mechanism analysis and synthesis were just being 
developed to break the bottleneck of handling linear 
transient equations. The theory applies equally 
well to servo and process control systems. 

After the war, Henri-Georges Doll turned his 
attention back to geophysical measurements. But 
late last year his irrepressible interest in control 
again came to the surface. This time the parent 
company formed Schlumverger Instrument Co. in 
Ridgefield, Conn., with Mr. Doll as president. 

Within the next few months members of his 
group will present to ASME and AIEE a series of 
papers on the conception, implementation, and per- 
formance of the optimum non-linear control mode. 
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MAGNETICS 









a totally 


Berkeley 





FERRISTOR 


Circuitry 


Utilizing rugged BERKELEY Ferristors* to 
perform most vacuum tube functions, new 
BERKELEY industrial counting and control 
instruments offer electronic speed and 
precision plus the unfailing reliability, 
simplicity and long service life of electro- 


magnetic devices: 


CONTINUOUS-DUTY RELIABILITY — rug- 
ged encapsulated Ferristors*, devel- 
oped and manufactured by Berkeley, 
are immune to damage caused by 
shock, vibration, moisture and over- 
loading. They're non-aging, require 
no filaments, operate at extremely 
low current and voltage levels; pro- 
duce little or no heat. 


Brings You High Speed Counting 
and Control Without Vacuum Tubes! 








“TUBELESS” Decimal Counting Unit (right) generates ‘eth the 
heat of vacuum tube model (left); no component in the 


Ferristor* DCU operates at more than 25% of its ratings. 


© INSTALLATION, OPERATION, SERVICING 
BY REGULAR PLANT PERSONNEL — no elec- 
tronic ‘experts’ required! Connections 
made on clearly-marked terminal 
strips, with standard industrial wiring 
procedures. Simple tamper-proof ad- 


justments; sturdy, easily-understood 
controls! 








® LONG COMPONENT LIFE — circuits op- 
erate at a fraction of component rat- 
ings. Elimination of excessive heat 
ends heat-caused deterioration and 
instability, permits use of dust-tight 
enclosures (no ventilation needed). 


*Trademark 




















Counts at rates to 10,000 per sec, produces elec- 
trical output signals at any two preset totals. 
Absolute accuracy. Operates from photocells, 
magnetic pickups, electrical contacts. Built-in 
DPDT output signal relay operates solenoids, 
solenoid valves, power relays, other control de- 
vices. First signal may be used to slow down 
operation preparatory to stop at final (second 
count, etc. Has only two vacuum tubes (vs. 54 
in electronic model), both used in low-level rf 
oscillator-power supply. Simple marginal test 
indicates approaching tube failure, permits re- 
placement before failure occurs. 


















Measures events occuring during precise 0.1, 
1 or 10 sec time interval, displays results in 
digital form. Operates from photocell, magnetic 
pickup or any suitable transducer to measure 
pressure, temperature, flow, velocity, viscosity, 
frequency, rpm, or to count events or objects 
at rates to 40,000 counts per second. 


Only three vacuum tubes used (35 in compar- 
able electronic model) in rf oscillator-power 
supply operating at low levels. Simple mar- 
ginal test indicates approaching tube failure, 
permits replacement before failure occurs. Has 
digital “count-down” time base for precise 
gating: no adjustment of time base required. 


BERKELEY Long Life Magnetic EPUT* 
Meters and Magnetic Controllers are 
ready now to serve in your laboratory, 
inspection rooms and test cells, on your 
production, processing or packaging 
lines. You'll be hours and dollars ahead 
to call your nearest BERKELEY represen- 
tative or write us now for complete data, 
Please address Dept. L-12, 








BRIEF SPECIFICATIONS 
Max. Count Rate: 10,000 counts per sec 
Input Sensitivity: 0.1 ma p-p into 10k load 


Output Signal: From built-in DPDT relays 
contacts rated at 5 amps (non-ind_) 


Accuracy: Absolute 


Power Requirements: 105/130 or 
210/230 v. 60 cycle, 85 w 


Dimensions, Weight: 187%”W x 834”H x 
13%”D; 50 Ibs 


Price (f.o.b. factory): Model 5846 
(6 digit) $1,295.00. 


BRIEF SPECIFICATIONS 
Count Capacity: 5 digits 

Counting Rate: 0 to 40,000 per sec 
Time Base: 0.1, 1 or 10 sec 





Accuracy: + 1 event, + 50 ppm 
Input: 0.3 ma p-p into 10k load 


Power Requirements: 105/130 or 
210/230 v. 60 cycle, 100 w 


Dimensions, Weight: 18%&”W x 834”H x 
145@”D (overall); 55 Ibs. 


a totally NEW concept of industrial instrumentation 


TAMPER-PROOF, dust-tight 
transparent cover can 

be locked to prevent 
re-setting by unauthorized 
personnel 


SWING-OUT chassis 
construction simplifies 
installation, inspection 
and servicing. 






APPLICATIONS 


Control of counting, weighing, sorting, 
packaging, shearing, metal forming, 
coil winding equipment; cut-off of mo- 
tors, turbines, jet engines at precise 
predetermined rev count or speed, 
computer timing, etc. Continuous-duty 
reliability makes new MAGNETIC Preset 
Controller ideal for all process and 
production control applications where 
elimination of costly downtime is a 
vital factor. 


APPLICATIONS 


Aircraft, automotive, jet or piston 
engine test cells, dynamometer test 
stands; laboratory or production tach- 
ometry systems; process control sys- 
tems; data reduction systems; hydraulic 
and pneumatic servo testing; accelera- 
tion-deceleration determination; meas- 
urement of linear or centrifugal speeds, 
forces, strains; measurement of any 
optical, electrical, mechanical or phys- 
ical event occurring during a precise 
time interval. 
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BECKMAN INSTRUMENTS, INC. 


2200 Wright Avenue + Richmond 3, California 
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WHAT'S NEW 





BACK ROOM OF A BANK? 

At the left is an artist’s conception of the 
digital equipment that will soon pulse 
quietly in 37 branches of California’s huge 
Bank of America. Developed by Stanford 
Research Institute, the system will auto- 
matically process 50,000 accounts a day. 


Banking Readies for Automatic Service .. . 


Five years ago a group of Bank of 
America executives went to the com- 
puter and control systems group at 
nearby Stanford Research Institute 
with a problem. Postwar demand on 
the bank was creating an incredible 
23,000 new accounts each month. 
What automatic approach would solve 
the giant paper snarl? 

Last month the answer came: SRI 
unveiled its prototype for an electro- 
mechanical machine that will auto- 
matically service up to 50,000 check- 
ing accounts a day. 

Bank of America’s problem, and 
even its solution, are hardly unique. 
Most other large banks have viewed 
growing business with a certain alarm 
—and have sought an answer in 
electronic additions to their existing 
mechanized data processing systems. 
Only last June the First National Bank 
of New York demonstrated a new 
Burroughs Corp. machine that would 
optically scan and _ process _ into 
punched cards 7,200 travelers checks 
per hour. But this remarkable speed 
was hardly matched by the stately card 
handling routine that followed. 

SRI’s ERMA (Electronic Record 
ing Machine, Accounting) has great 
promise because it will handle a com 
plete transaction automatically, and 
at split-second speed. Essentially, it is 
a high-speed digital computing  sys- 
tem that will record individual de- 
posits and debit withdrawals, maintain 
balances, retain transaction details, pre- 
vent overdrafts, accept stop-payments 
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and hold-orders, and sort checks. It 
will also calculate service charges and 
turn out monthly statements at 600 
lines a minute. 


How ERMA Works 


ERMA starts with five input key- 
boards that look like large adding ma- 
chines. All checks carry the account 
number and bank branch in magnetic 
ink. This information is converted to 
an electrical code by the input 
“reader”. The operator only has to 
depress the dollar value and transaction 
key. This input information is also 
typed on paper tape. 

Consider as the input item a $25 
withdrawal. Details on the account’s 
current balance, any “holds” or “‘stop- 
payments”, etc., are stored on two 
magnetic drums. The drums—16 in. 
diam, 1800 rpm, 300-track units that 
hold up to 600,000 digits—are scanned 
and the amount in the particular ac- 
count plus the $25 debit are routed 
to an arithmetic unit that promptly 
returns the new balance to the drums. 
ERMA uses conventional flip-flop 
circuits to add or subtract up to 11 
figure numbers. 

SRI’s system also includes a more 
detailed storage file consisting of ten 
magnetic tapes, each 2,400 ft long. All 
transaction figures, such as the $25 
withdrawal and its date, are transfer- 
red from temporary storage on drums 
to the tape. Since the tape moves much 
slower than drum speed, this transfer 


is effected by a shift register. At day’s 
end all tape entries in each account 
are calculated and checked against 
drum-held information. And at the 
end of the business month, tape infor 
mation is fed into a high-speed printer 
that prepares a statement for the ac- 
count holder as well as a permanent 
record for the bank. 


Rapid Printing and Sorting 


One special need SRI faced was for 
a printer that could prepare the huge 





HOW IT KEYS IN DATA . 


The input keying device will scan mag- 
netically inked account numbers on the 
checks and speed them, as electrical pulses, 
into the system. 








HOW IT SORTS CHECKS . 


This high-speed sorter—developed in SRI Con- 
trol Systems lab—will “read” and file checks at 


7,200 per hour. 


flow of account statements for ten 
bank branches in a single working 
week. To get the required 10-15 lines 
per sec, a 1,200 rpm cylinder with 
rows of individual numbers and let- 
ters around its surface was designed. 
As this cylinder turns, coded signals 
from the tape actuate striking ham 
mers so that all of the same characters 
that will appear on a single line are 
printed. Hence only one revolution 

1/20 sec) is required for a completed 
line. 

Another problem was to file proc 
essed checks according to the order 
of their information on the storage 
tane. A magnetic scanning svstem 





WHzEKE Li SLORES INFURWIALION 


‘These two magnetic drums will hold the balance figures tor 50,000 accounts 
and will temporarily memorize all daily transactions. More permanent storage— 


with a month’s details—will be held on tape. 


akin to the input keying device is used. 
Bundles of checks are pneumatically 
moved through the sorter, “read”, 
“held” by a mechanical memory de 
vice, and passed into appropriate digi 
tal subgroup slots. Five passes through 
the sorter place the group of checks 
in sequence by account number. The 
speed and accuracy of this unit should 
interest the digital design engineer: 
10 checks per sec and machine errors 
of less than 1 in 100,000. 

ERMA’s most enthusiastic booster 
is §. Clarke Beise, president of the 
Bank of America, who claims the new 
system is “the biggest advance in 
bank-account bookkeeping in the his 


tory of banking”. He is anxious to 
get the prototype model moved to 
San Jose to handle checking accounts 
for several Bank of America branches 
in that area. And he eventually plans 
to have complete coverage with 37 
ERMA machines. 

Engineers and scientists at Stanford 
Research are justifiably proud of their 
creation. Actual work on the project 
was done in the Computer Laboratory 
ind the Control Systems Laboratory 
under the direction of Dr. Jerre D. 
Noe, who, you'll recall, took time off 
a few months ago to author Conrror 
E-NGINEERING’S first article in the Basic 
Digital Series. 


...and Railroading Schedules Ahead for 
Nationwide Pulse-Controlled Traffic 


Railroading, like banking, is a serv- 
ice industry almost strangled by the 
paperwork that spells—and can ruin 

efficient service. And, like the awak- 
cning banks, they are also on the 
verge of replacing time-honored rou- 
tine with the efficient concepts and 
tools of control systems engineering. 
Some recent actions: 

PIn 1954, Union Pacific applied au- 
tomatic control, via an analog com 
puter, to a 42-track freight-shuffling 
yard (reported in the January 1955 


Controt ENGINEERING, page 29). 
© In April 1955, railroad systems peo- 
ple met in Chicago to appraise their 
use of the IBM 705’s and Univacs that 
they had ordered in record numbers 
(seven delivered, 24 on tap). One 
highlight: how New York Central kept 
track of car movement in 28 yards 
with a 650 magnetic drum computer. 
> Late last spring official word came 
from the New Haven of an automatic 
reservation system involving _ tele 
graphed pulse signals (see June 1955 


issue, page 16 \ few months later 
brought similar word from the New 
York Central (October, page 22). 
Pieced together, these and other iso 
lated developments suggested a revo 
lution in railroading. But the true po 
tential of this revolution really camc 
to light on Oct. 6 when three railroads 
linked their pulse-networks in a 
nationwide reservation system. 
Catalyst for the cross-company, 
cross-country system is the Tcleregister 


Corp. of Stanford, Conn.—the firm 


DECEMCER 


1955 19 





WHAT’S NEW 


THE KEYSET that will be used by rail- 
road agents identifies train, accommoda- 
tion, date, and has 8 instruction toggles. 
. . . AND THE NETWORK ==> 
will place keysets in major cities from 
Boston to Oakland. 


that pioneered the é¢quipment with 
the help of the New Haven and the 
New York Central. Splicing the New 
Haven’s New England end with the 
Central’s vast eastern network, and 
then bringing in the Santa Fe, Tele- 
register strung automatic reservation 
and routing from Boston to Los An- 
geles. 

The railroads will benefit from in- 
terlocked pulse-reservations as much 
as the traveling man. Automatic res- 
ervation climinates 22 separate steps 
for each leg of a trip—and there can 
be several legs in a cross-country tour. 


BASIC COAST TO COAST ELECTRONIC RESERVATIONS NETWORK 


LEGEND- 
¥ SWITCHING CENTER 
® Printer 
([) STANDARD AGENT SET === PROPOSED OFF L: 
[ROP] READ OUT PRINTER (new waver 
@ waster acent se¥ () sew vor contrac 
® sPeciar acen? set CD santa Fe 
(3) vows use 


me PRIMARY LINE 


—-- TRUNK LINE 


The traveler, in turn, will get imme- 
diate confirmation of space, exact de- 
parture times, exact pricing, and alter- 
nate space, if necessary. And all this 
can be done 10 min before train time. 

Keysets that can handle up to 11 
separate types of transactions will be 
placed by Teleregister at major cities 
along the routes. When a passenger 
requests space the agent will insert a 
coded ‘‘destination plate” in his key- 
set and depress the departure cate 
button. With a flip of the availability 
switch the remote drum is scanned and 
lights actuated on the keyset to show 
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the space available. After the space is 
selected and bought, the agent oper- 
ates a “sale” button to cancel that 
space on the memory drum. 
Teleregister has broad plans for its 
system. Circuits already designed will 
bring in Canada and Mexico and link 
air to surface carriers. And _ visionar- 
ies in the railroads project even fur- 
ther. They see pulse-coded signals 
expediting freight as well as passen- 
gers from line to line and the move- 
ment of goods on rails becoming more 
of an automatically controlled process 
and less of an uncontrolled variable. 





INSTITUTIONAL DOINGS 


British Chemists and Control 





Early in October the British Insti- 
tution of Chemical Engineers and the 
Society of Instrument Technology got 
together in London for a rewarding 
conference on automatic process con- 
trol. Besides the usual papers on 
control of specific chemical processes 
and the economics of control, the 
meeting included two topics that were 
eye-openers to many of the chemists 
in the audience: a paper on the dy- 
namics of process plant, and another 
linking controllability to chemical 
plant design. The thoughtful London 
Economist reported this impression 
of the conference: “In the chemical 
industry . control engineers have 
their laments. They argue that their 
traditionally empirical application of 
instruments and controllers . . . is 
now hampered by a lack of adequate 
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theoretical foundation. ““They feel, too, 
that the people who design and oper- 
ate chemical equipment are often in- 
sufficiently aware of what really goes 
on throughout the process . . . and 
therefore of the characteristics that 
it will be worthwhile to control.” The 
Economist went on to say that “such 
problems, at the moment, are far 
more important than questions of 
economics of control equipment, or 
trade union reaction to it.” And to 
the Economist we say, “Hear! Hear!” 


American Chemists and Control 





Just a week prior to the special ses- 
sion on control in London, our own 
Institute of Chemical Engineers gath 
ered for its annual meeting at Lake 
Placid, N. Y. And while control was 
not the major topic, a concern parallel 
to that sensed by the Economist per- 
vaded the American conclave. A 
speaker from industry, Bruce K. 


Brown, President of Pan-American 
Southern Corp., recognized the prob- 
lem when he observed that chemical 
engineering now requires specialists 
who are familiar with basic principles 
and mathematics, including the new 
techniques of linear programming. 
Engineering Dean J. C. Elgin of 
Princeton University amplified this 
point when he predicted that “. . . by 
1975 all efforts to teach engineering 
art and technology in the university 
will be abandoned.” He saw industry 
supplying this phase of training, and 
the schools supplying the basic “sci- 
ence” of engineering which will em- 
brace and transcend most fields of 
engineering that we know today. 


Focusing on FR 





Two more steps have just been taken 
to make the technique of frequency re- 


sponse testing a more definitive tool 
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BORG 900 SERIES 
MICROPOTS 


Meet All These Requirements 


“It's tops!’’, that’s what design engineers every- 

where are saying about the Borg 900 Series 

Micropots. To meet the tremendous demand 

Borg has geared production to new high levels 
assuring you fast delivery of any model in any 

A precision 10-turn potenti- 

ometer that offers your 

products a price advantage 

in today’s competitive treme i 

iain. Sect ti r ndous reception for they are truly the 

easy installation with 9 


“New Standard of Precision Potentiometers’ 
inch coded leads. Accurate, \ “ 
dependable, long lived. 


quantity. All 48 models are available now! 


It's no wonder that these pots have had such a 


Let us send you engineering data and name 
of your nearest Borg ‘‘Tech-Rep’’. Write today. 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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Cinema Accurate wire 
wound resistors have seen 
years of service use in the 
nation’s finest precision 
equipment. If reliability is 
your need... switch to 


Write for 
Catalog 
LC-1030 A 
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WHAT‘S NEW 


for the control engineer. In Septem 
ber IRD Dynamic Systems Commit- 
tee of ASME under Chairman Rufus 
Oldenburger, Woodward Governor 
Co., issued a new ASME Standard. 
No. 107, which describes a standard 
method of presenting frequency re- 
sponse information. Contrrot Enc 
NEERING’S Bill Vannah, a member 
of the committee, enthusiastically 
predicts that the Standard should do 
much to eliminate the confusion 
that has resulted when competitive 


products arc compared from vari- 


ably presented 
data. 

At the same time, a new sub- 
committee of ISA Recommended 
Practices Committee has been set up 
under Chairman Fred Winterkamp 
of du Pont, to develop a uniform 
practice for frequency response tech- 
niques. Another ISA activity in this 
realm is a proposed educational mo 
tion picture on frequency response 
which Dave Boyd, Universal Oil Prod 
ucts, is organizing and hopes to pro 
duce in the near future 


frequency response 


The Senate Probes Automation .. . 


WASHINGTON, D. C., Oct. 14— 
[he picture below was taken on the 
first day of a two-week investigation 
into automation by the economic sta- 
bilization subcommittee of the Joint 
Congressional Economic Committee. 
A star witness in this first session was 
Walter P. Reuther, gesticulating presi- 
dent of the CIO and its Auto Work- 
ers affiliate. Only one member of the 
five-man committee turned up for the 
hearing—Rep. Wright Patman, who 
sits in the center facing Reuther. 
Ilanking Patman are two advisers to 
the subcommittee. For a more de- 
tailed story on the hearings see Indus- 
try’s Pulse, page 33. 


...and the Word Gets a Definition 


Centralab Div. of Globe-Union, 
Inc., really picked a “live” topic when 
it selected this question for one of its 
recent Electroni-Kwiz contests: “If 


you were to make like Webster, how 
would you define the word “automa- 


tion’’? FOR THE WINNING 
DEFINITION => 





TWO NEW PRODUCTS JOIN THE 
FAMILY! 


LFE MODEL 503 
ELECTRONIC DIGITAL MULTITESTER 


"The 503— a new type of electronic Multitester — 

presents display digitally — uses electronic counters. 

Unique Model 503 uses three decade columns of 
neon lights for the indication — gives absolute readings — 
eliminates problems of parallax and ambiguity. 

Rugged Model 503 is precise — dependable — 
lightweight. 

And—the skill is in the instrument—so almost anyone can 
use it—confidently—efficiently—in shop or laboratory! 





A_PREDETERMINED 
COUNTER OF HIGH-SPEED VERSATILITY! 


The “genius” of the LFE 502 lies in its ability not only to 


LABORATORY FOR ELECTRONICS, INC. 
75 Pitts Street, Boston 14, Mass. 
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See for yourself! Examine an 
‘Ohmite Rheostat first hand. Compare 
_ its smoother resistance windings. Turn 
the knob and note how easily and 
smoothly the contact brush glides over 
the rheostat windings. 

There’s less wear on the resistance 
wire and on the contact brush. The 
brush makes contact with all of the 
turns and the resistance varies 
smoothly and uniformly as the shaft 
is turned. Every Ohmite Rheostat is 
individually tested on ultrasensitive 
electronic instruments to assure per- 


MIT E rneostats 


SMOOTH JUNCTIONS 
where wire sizes change be- 
tween sections of tapered 
‘windings . . . less differen- 
tial between wire sizes. 


PERMANENTLY LOCKED 
WINDINGS . . . Core and 
windings are bonded to- 
gether with vitreous enamel 
to prevent shifting of wire. 


UNIFORM WIRE 
SPACING... 

Ohmite has de- 
veloped special 
winding machines 
to insure uniform 
spacing and elim- 
inate crossover 
of adjacent turns 
on fine wire units. 


FLUSH 
TERMINALS ... 
Terminals are 
flush with wind- 
ings . . . brush 
glides smoothly 
from windings to 
terminal. 


fect contact between the winding and the contact brush. 
Standardize on Ohmite Rheostats for unsurpassed depend- 
ability, smoothness of operation, and long life. 


from 25 to 1000 watts. Also available to meet po \ f ‘ 
MIL-R-22A requirements in each of the 26 YY. | 


Write on y letterhead for Ca and ” , : 4 , 
Engineering Manuel No. 40, — : Nil wath Dad 


hie Kightwitte OHMITE 


OHMITE MANUFACTURING COMPANY, 3674 Howard Street, Skokie, Illinois (Suburb of Chicago) 
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THE WINNER: Mustachioed Robert Oakes Jordan, a true blackboard control engi- 
neer, got the maximum for his definition of “automation”—a petite 14-D pair of shoes. 
Officiating is Centralab sales manager, Bob Mueller. 


Less than a week after Centralab’s 
ad appeared, the would-be lexicograph- 
ers responded like swarm of honeybees. 
A quick look at 50 of the most sub- 
stantial answers convinced Centralab 
that “automation” had more defini- 
tions than the Brooklyn Dodgers had 
rooters. And, like the Brooklynites, 
each answer had character. But after 
uncanny deliberations by McGraw- 
Hill judges for Centralab, this entry, 
from Illinois engineer Robert Oakes 
Jordan, won the prize: 


“Automation”: those processes 
which formerly necessitated man’s 
constant attention to operation, 
that may now be performed on 
schedule automatically through 
accurate programming by pre- 
determined systems and pre-set 
controls.” 


However, hard on the heels of Jor- 
dan’s excellent and precise definition 
were some other neo-Websters who 
seemed equally sure of their answer. 
Some samples: 


> “Automation is the result of applying system 
engineering techniques to manufacturing proc- 
esses so that they can be made to operate 
automatically”—from a chemical company en- 
gineer in the southeast 

® “The practice of increasing production by 
decreasing the quantity of manual operations, 
particularly in the handling of work pieces 


between machining or other processes” 
from a project engineer at a baking equipment 
company 

> “The application of the science of automatic 
control to industrial processes’—from a West 
Coast consulting engineer 

® “The assembly of components into a com- 
plete unit, by means of automatic machinery 
with and without direct human aid’”—from an 
ordnance corps engineer in the south 

® “The control of material in motion with 
absolutely no physical or human exertion”- 
from an industrial marketing specialist 

® “The engineering art of eliminating human 
supervision and control by designing the func 
tions of measuring, evaluating, and correcting 
into a process or machine’—from a business 
machine design engineer 


Some of the contestants threw up 
their hands at the task. Wrote one 
succinctly from Boston, “Automation 
is the substitution of mechanical error 
for human error.” 

And another from rural Virginia 
penned this lyrical excuse: 

“There’s a process that’s called 

‘Automation’ 

That is swiftly engulfing the Nation; 

But if asked to define it, 

I'd rather decline it— 

Than risk some machine’s 
abnegation.” 


Rather than risk some of its readers’ 
abnegation, the editors of Conrroi 
I'NGINEERING will have to go along 
with the man from Virginia. 


LET HARTFORD 


carry the load 


ON YOUR 
BEARING REQUIREMENTS 


PRECISION 


SPECIAL 
BEARINGS 


If your product requires precision 
balls, thrust retainers, or bearings 
made to your specifications, it will 
pay you to check with Hartford. And 
if you are in a hurry we can ship 
at once on nearly a thousand items. 


\Y 





FREE HARTFORD LITERATURE 
Check Items Desired 

Hartford Precision Balls 
Hartford Thrust Retainers 
Angular Contact Bearings 
Hartford Ball Retainers 


Versa-Twin Double-row Ball 
Bearings 


Triple Action Tumbling Barrels 


Hartford Steel Burnishing Balls and 
Materials 


attach this coupon to your letterhead 
please sign your name and position. 
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PRECISION BALLS 
@ BEARINGS 


HARTFORD STEEL BALL COMPANY, 
6 Jefferson Ave. 


INC. 
W. Hartford 6, Conn. 
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Continuous Flow 
Fish Processing 
Aided by Slo-Speed 


Automatic,continuous flow proc- 
essing of fish from boats to freez- 
ing units requires drives on our 
scaling machines, elevators and 
conveyors that withstand sea 
water corrosion, are easy to keep 
clean, and above all, assure de- 
pendable trouble-free service. 
Sterling totally enclosed Slo- 
Speed drives meet these require- 
ments by providing the geared 
low speed we need in a single, 
compact, streamlined unit hav- 
ing a rugged, corrosion resist- 
ant, gray iron housing, reports 
C. Louis Isenberg of Standard 
Fish Co., Boston. 


STERLING SLO-SPEED 


OUTSTANDING FEATURES: 


Simplified gear system — balanced 
design — compact — rugged — highly 
efficient'— abundant lubrication — low 
output shaft — positive oil seals — 
Herringbone Rotor — protected — 
streamlined — direct through ventila- 
tion —quiet operation —AGMA speeds 
—extremely long life —every unit will 
operate in any position. 





20-page iilustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 
Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No.205 


TERLING 


ELECTRIC MOTORS 











Plants: New York City 51; Chicago 35; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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Important Moves 

by Key People 

> When Vincent V. Tivy, formerly 
manager of refinery instrument sales 
for The Foxboro Co., took over as 
chief application engineer, a broad list 
of new duties faced him. Among 
them: coordinating sales engineering 
with production engineering; new 
product development; field _ trials; 
special sales work involving analysis 
of automatic control problems; evalua- 
tion of instrumentation trends, and 
service on Foxboro’s engineering ex- 
ecutive and sales product committees. 
> Principals in a series of significant 
appointments by Minneapolis-Honey 
well are C. L. Peterson, named vice- 
president and general manager of 
Brown Instruments Div.; Jerre Man- 
ning, manager of the Transistor Div. 
in Minneapolis; and A. Lachlan Reed, 
director of industry-education _rela- 
tions, a new position. Peterson for- 
merly was divisional vice-president, 
and Manning was general manager of 
the Marine Equipment Div. Reed 
joins the company from the office of 
the U. S. Commissioner in Education. 
> Jacob J. Jaeger, the new vice-presi- 
dent and chief engineer of the Ma- 
chine Tool Div. of Pratt & Whitney 
Co., Inc., has been chief engineer of 
the Machinery Div. since 1954. He 


J. J. Jaeger 


M. S. Hartley 


R. L. Wolff 


joined the company in 1940 as a re- 
search engineer and in 1948 became 
assistant manager of machinery en- 
gineering. 

> Two vice-presidents, Daniel T. Gun- 
derson for engineering and production, 
and Lloyd E. Schumacher for sales 
and customer relations, have been ap- 
pointed by J. B. Rea Co. At the same 
time, Francis A. Oliver becomes man- 
ager of the new Data Storage Devices 
unit, which will concentrate on de- 
velopment of magnetic storage com- 
ponents. Gunderson comes to Rea 
from Cook Research Laboratories of 
Cook Electric Co., Schumacher from 
Logistics Research, Inc., and Oliver 
from National Cash Register’s Elec- 
tronic Div. 

> Maurice S. Hartley, Sanborn Co.’s 
new director of engineering, partici- 
pated in Great Britain’s wartime radar 
program from the time it was a neo- 
phyte in 1939 until his discharge from 
the Canadian Navy in 1946. He comes 
to Sanborn from Raytheon Mfg. Co., 
where he was product manager. Pre- 
viously he had been with Imperial Oil, 
Ltd., and Philips Industnes, Ltd., 
both of Canada. 

> Centralab Div. of Globe-Union, 
Inc., has elected Robert L. Wolff 
vice-president for engineering and has 
appointed W. S. Clark and R. C. 
Anderson managers, respectively, of 


D. T. Gunderson 


Joseph Harrington 





the “Badger” and “Keefe” plants. 

> Dr. Joseph Harrington, formerly as- 
sistant director of research for United 
Shoe Machinery Corp., has joined the 
Mechanical Div. of Arthur D. Little, 
Inc., consulting industrial research 
firm. He will concentrate on auto- 
matic electronic machinery. 

> Dr. Emilie V. Haynsworth, a former 
professor of mathematics, has joined 
the Computation Laboratory of the 
Applied Mathematics Div. of the Na- 
tional Bureau of Standards. She will 
code problems for the bureau’s SEAC 
computer and do research in algebraic 
matrices and determinants. 

> Del F. Kahan, formerly chief design 
engineer for United Control Corp., 
has joined Autron Engineering, Inc., 
as vice-president and chief engineer. 

PAs chief application engineer for 
American Electronic Mfg., Inc., 
Wayne S. Blackman will supervise 
sales and application of the company’s 
miniature precision resolvers, servo 
motors, and synchros. Before joining 
American Electronic six years ago, 
Blackman was with Minneapolis- 
Honeywell and Norden-Ketay. 

> Devern A. Chubb will supervise en- 
gineering design, research, and de- 
velopment as Abrams _ Instrument 
Corp.’s new chief engineer. He was 
in electronic work in the Naval Re- 
search Laboratory before joining 
Abrams several years ago as project 
engineer. 

>John M. Embree, who joins Phil 
brick Researches, Inc., as chief appli 
cations engineer, brings with him a 
handsome background in aircraft and 
control technology. His past afhlia 
tions include Grumman Aircraft En 
gineering Corp., Kellett Aircraft Corp., 
Wright Aeronautical Corp., Celanese 
Corp., Brown Instrument Div. of 
Minneapolis-Honeywell, United Air- 
craft Corp., and Chandler-Evans Div. 
of Niles-Bement-Pond Co. 

P As liaison engineer for Ford Instru 
ment Div. of Sperry Rand Corp., 
Bernard Goldman will represent Ford 
on contracts with the U. S. Navy 
Bureau of Aeronautics. An engineer- 
journalist, Goldman joined Ford in 
1952, along with Maxwell Berson, 
another skilled technical writer, who 
has been named supervisor for the 
preparation of technical military pub 
lications. 

> With Phillip Herman, formerly with 
lhompson Products, Inc., as its super- 
visor, a new Applied Mathematics Sec- 
tion comes into being in the Techni- 
cal Services Div. of Jones & Laughlin 
Steel Corp. Herman, who has been 
development engineer and statistician 
for Thompson, heads a section that 
will facilitate application of advanced 
inathematics and statistical principles 
to plant operating data. 


Continuous Analysis of Process Streams 
Now Simplified hy Fielden Unit 


Engineers in many process plants are now continuously 
analyzing process streams successiully for composition, pur- 
ity, or moisture content without the bother of complex, 
time-consuming laboratory techniques. 

The only equipment used for these measurements consists 
of a Fielden R. F. Capacitance Bridge Recorder-Controller 
and a single-unit capacitance probe. If the process stream 
mixture changes its dielectric constant, the capacitance 
measured at the probe changes accordingly. By continuously 
measuring product capacitance, the recorder shows the com- 
position of the process stream at all times. 

This system is extremely simple and offers many unusual 
features. For example, it can be supplied with explosion- 
proof housings and electric or pneumatic controls. The 
Fielden R. F. Capacitance Bridge Recorder-Controller has 
a full-scale response of 3!4 seconds...a sensitivity of 
+0.05% ...an accuracy of +0.25% ...and a stability of 

+0.25%. Send the coupon now for full details. 


CONTROLS COMPANY 


FIELDEN INSTRUMENT DIVISION 
Dept. S, 2920 N. 4th St., Philadelphia 33, Pa. 
Please send complete data on: 
Fielden Null-Balance Recorders 
TEKTOLOG Recorder-Controllers 


NAME 


Fielden Capacitance Bridge Analyzer 
TEKTOR Level Limit Control 
TELSTOR Continuous Level Indicator 


COMPANY 


ADDRESS 





CITY ZONE STATE cee 
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What Happened to 
Perkin-Elmer the 
Day the Flood Struck 


If it was still tacked to the com- 
pany’s bulletin board on Monday 
morning, Oct. 17, the page from the 
house organ of The Perkin-Elmer 
Corp. must have hung like a dejected 
salute to irony. For the page reported 
the damage, by summer floods, to 
many of Perkin-Elmer’s New England 
suppliers. These floods had spared 
Perkin-Elmer, and in its house organ 
the company had congratulated itself 
upon its good fortune. 

But on this Monday morning, there 
were three and a half feet of water un- 
der the very bulletin board that had 
carried the happy news. Rains that 
began on the preceding Friday had 
swelled the Norwalk River in Con- 
necticut, built it into a raging torrent, 
and sent it sweeping toward the 
colonial-style headquarters building 
and the adjacent plant. Later, rumors 
put the damage at between $3 and $4 
million. This was excessive, but the 
true estimate was by no means a 
springboard for joy. It set the loss at 
between $500,000 and $1 million. 


You're right, that’s seaweed clinging to these infrared analyzers. 
P-E, engineers scraped them clean, dried them out, and rewired 
them. And, when they calibrated perfectly, condemned them. 
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But a company like Perkin-Elmer is 
successful because its people and its 
products make it so. The resiliency 
and toughness of both put in a lot of 
overtime in the days immediately after 
the flood. But it was worth it. Some 
of the evidence: 
> If proof of the accuracy and reliabil- 
ity of P-E’s Tri-Non process stream 
analyzers was still needed, it surely 
made itself plain. ‘Two analyzers, 
shrouded for several days in water, 
mud, and dampness, were found to 
function and calibrate perfectly. They 
were destroyed, of course, along with 
any other instruments that had come 
into contact with the water. (See 
ControL ENGINEERING, October 
1954, page 42, for an article on the 
analyzer by Perkin-Elmer’s Paul A. 
Wilks, Jr.) 
> A spanking new infrared spectropho- 
tometer was readied for delivery just 
nine days after the heavy rains came. 
> A steady vigil, uninterrupted despite 
the furious bustle, was maintained 
over the newly-born P-E vapor frac- 


tometer by its operator, Harry Haus 
dorff. 

> And somehow, in the frenzied pace 
of the first day, typhoid shots were 
administered to every employee. 

Many employees’ wives pitched into 
the debris, and it was a mighty wel 
come sight to see experts handle thc 
mangles, ironing boards, and other 
apparatus that dried vital records. 

In the days that followed, Perkin 
Elmer was like the sick farmer whose 
wheat needs harvesting. Neighboring 
companies made drying ovens avail- 
able, removed machines or disassem 
bled them and cleaned them on the 
spot, reestablished telephone service, 
and brought in all necessary supplies. 
And Perkin-Elmer, in what is consid- 
ered record time, was back in business. 

If how it did it was still somewhat 
of a mystery, President and Board 
Chairman Richard S. Perkin supplied 
the best explanation when he growled 
affectionately, “If you can’t get up off 
the floor after a haymaker, you 
shouldn’t be in the ring.” 


Harry Hausdorff (background) tends the new vapor fractometer 
while the cleanup of the sales lab goes on around him. Hausdorff 
had to fight through debris to get to the valuable instrument. 








THE NEW SIGN 
OF SERVICE 


FOR USERS OF REGULATED POWER 


This new trademark highlights Sorensen’s dynamic new program of product develop- 
ment and service. 


Back of the new trademark is the established reputation of “the world’s authority on 
regulated power.’ Yet to be unveiled is a whole new concept of design, even better 
product performance and service convenience for every user of Sorensen’s wide variety 
of equipment. 


Selected sales and service representatives — functioning as an integral part of the 
Sorensen team — can place at your disposal the complete design and production facilities 
of Sorensen . yet they are local specialists in your particular area. Sorensen’s 
Los Angeles warehouse facilities mean improved deliveries for West Coast customers. 


Be sure you get all of the information available on any regulated power application. 


Make it a rule to check first with your local representative of Sorensen 


authority on regulated power.” 


“the world’s 





ARIZONA — Tucson 
Gerald B. Miller Co. (L. A. Wilson, Jr 
P.O. Box 11246 
Phone Tucson 4-6293 


CALIFORNIA — Hollywood 28 
Gerald B. Miller Co 
1550 N. Highland Ave 
Phone Hollywood 2-1195 


CALIFORNIA San Francisco 
Gerald B. Miller Co 
1334 Old County Rd., Belmont 
Phone Lytell 3-3438 
COLORADO — Denver 3 
Hytronic Measurement Associates 
446 Broadway 
Phone Sherman 2501 
CONNECTICUT — Bridgeport 
Yewell Associates (Peter Lahana 
1101 East Main Street 
Phone Forest 6-3456 


D.C. — Washington 9 


Horman Associates, Inc. (F. L. Horman)* 


2017 S. Street, N.W 
Phone Decatur 2-8000 


FLORIDA — Fort Myers 
Arthur H. Lynch & Associotes 
P.O. Box 466 
Phone 5-6762 
GEORGIA — Atlanta 
Floyd Fausett & Son 
777 Pinehurst Terrace, S.W 
Phone Raymond 3104 
ILLINOIS — Chicago 39 
Loren F. Green & Associates 
4949 W. Diversey Avenue 
Phone National 2-2370 


*Complete service facilities maintained for rapid local servicing of all Sorensen equipment 


COAST-TO-COAST 


MARYLAND — Baltimore 
Horman Associates, Inc 
635 St. Johns Road 
Phone Hopkins 7-2290 


MASSACHUSETTS — Boston 
Yewell Associates (Poul G. Yewell)* 
75) Main Street, Waltham 
Phone Waltham 5-7420 


MICHIGAN — Detroit 
S. Sterling Company* 
15310 W. McNichols Road 
Phone Broodway 3-2900 


MISSOURI — Konses City 30 
Harris-Hanson Co. (R. C. Bacon 
7916 Paseo Ave 
Phone Hiland 6744 


MISSOURI — St. Lovis 9 
Harris-Hanson Co 
Horold H. Harris 
5506 South Kingshighway 
Phone Flanders 1-5584 


NEW JERSEY (Northern 
RMC Associotes (Chas. Sargeant 
114 East Main Street, Bogota 
Phone Diomond 2-5343 


NEW JERSEY (Southern 
Robinson Co. (Leon Levy) 
702 Mattison Ave., Asbury Park 
Phone Allenhurst 3-2402 


NEW MEXICO — Albuquerque 
Gerald B. Miller Co 
327 Wyoming, S.E 
Phone 5-6466 


NEW YORK — New York 
RMC Associates (Robert Asen, 
Milton Lichtenstein) * 
170 East 80th Street 
Phone Trafalgar 9-2023 


NEW YORK — Syracuse 2 
J. D. Ryerson Associotes, Inc.* 
412 E. Genesee Street 
Phone Syracuse 76-8344 


NORTH CAROLINA — Charlotte 


P 
Phone 5-6436 
OHIO — Cleveland 21 
S. Sterling Co 
4311 Mayfield Rd 
Phone Evergreen 2-4114 


OHIO — Dayton 2 
S. Sterling Co 
379 West Ist Street 
Phone Fulton 8794 


OREGON — Portland 16 
James L. Kearns Company 
P.O. Box 51 
Phone Empire 2444 

PENNSYLVANIA — Horrisburg 
1. E. Robinson Co. 

SOA Thomas St 
Phone Harrisburg 8-9054 


PENNSYLVANIA — Philadelphio 
! 


Robinson (ivan E. Robinson)* 


7404 W. Chester Pike, 
Upper Darby, Pa 
Phone andoos 2-7017 


s§_ 


SORENSEN & COMPANY, INC. - 375 FAIRFIELD AVENUE - STAMFORD, CONN. 


PENNSYLVANIA — Stroudsburg 
1. E. Robinson Co 
P.O. Box 68 
Phone 1519 


PENNSYLVANIA — Pittsburgh 
H. E. Ransford Co. (Sam Coombs) 
Grant Build 


ing 
Phone Grant 1-1880 


TENNESSEE — Knoxville 


TEXAS — Dallas 5 
Earl W. Lipscomb Associotes* 
P.O. Box 7084 
Phone Elmhurst 5345 


TEXAS 
Earl W. Lipscomb Co 
2422-A Rice Bivd 
Phone Jackson 4-9303 


HAWAII! — Honolulu 17 
Gene Piety 
2030 Home Rule St 


CANADA — Vancouver 5, B.C 
Frederick Goertz, Ltd 
1170 Hobson St 
Phone Tatlow 5377 


CANADA Toronto 10, Ontario 
Charles W. Pointon, Ltd. 
6 Alcina Ave 
Phone Oliver 7984 
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CIRCUIT 
CONTROLLING 
COUNTERS with 


Automatic Reset 


FOR REVOLUTION, STROKE 
AND ELECTRIC COUNTING 


THESE predetermining counters 
with instantaneous reset will auto- 
matically recycle a variety of single 
and multi-stage switch functions. 
Recycling operates without time 
lag at speeds to 5,000 rpm. The 
switching pattern repeats auto- 
matically as long as desired. The 
control circuit is an integral part 
of the equipment. 


CYCLO- 
MONITORS 


Used to control 

one or two switch- 

ing events within a 

preset count-cycle. 4 
Replace unwieldy change gears, cam 
systems, timing chains, etc.—provide 
quick and completely flexible adjust- 
ment for changing requirements. Ad- 
justment in one-count increments ex- 
tends over a wide range of numbers. 
Available in a variety of models— 
write for General Catalog of Cyclo- 
Monitors. 


PROGRAMONITORS 


Same cycle range as Cyclo-Monitors, 
but also permit ANY NUMBER of 
intermediate switching events. Com- 
plex switching patterns of any count- 
able sequence can be programmed and 
automatically repeated. Momentary or 
dwell switching—continuous or inter- 
mittent operation. Built-in control cir- 
cuit can be opened or closed at any 
numbers. Write for Bulletin 505. 


COUNTER 4xo CONTROL 


5214 W. Electric Ave. 
MILWAUKEE 14, WIS. 
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WHAT‘’S NEW 


CONSOLIDATION IN HOUSTON. The new home for Houston Technical Labora- 
tories, to be completed next spring, will bring to the Buffalo Speedway all the opera- 
tions that are now being carried on in scattered locations. Features of the 40,000-sq-ft 
facility include a skylighted tropical garden and a geophysical instrumentation museum. 
HTL is a subsidiary of Texas Instruments, Inc. 


aes. 


AH, OKLAHOMA! The farms of Oklahoma, with their bright, golden haze and corn 
as high as an elephant’s eye, have nothing on the cities. Take Tulsa, for instance, 
where Midwestern Instruments and Midwestern Geophysical Laboratory are completing 
this million-dollar home (see All Around the Business Loop). The air-conditioned 
building contains a 26-by-50-ft swimming pool, four bowling alleys, a 400-person 
cafeteria, and a private dining room for executives. 


All Around the 
Business Loop 


> The work that’s been drawing side- 
walk engineers to the corner of 41st 
and Sheridan in Tulsa, Okla., is 
bound to be of great interest to a lot 
of out-of-towners. Center of attrac- 
tion is the southwest corner, where 
workmen are putting the finishing 
touches to the new, million-dollar 
home of Midwestern Instruments and 
Midwestern Geophysical Laboratory. 
But inside the two-story building, out 
of sight of the sidewalk observers, 
changes have taken place that are just 
as dramatic. 

For M. E. Morrow, founder and 
president of the instrument research 
and manufacturing company, has 
moved up to chairman, and his son, 
G. R. Morrow, has become president. 
In the eyes of the Morrows, as well 
as in the eyes of every other person 
in the plant, this election crowned an 
impressive chain of accomplishments. 
One of them was the acquisition of 
three MIT engineers, whose wartime 


projects—servo valves, torque motors, 
and other guided missile apparatus— 
have become the most important 
products in the line of Midwestern 
Instruments. 

Among the other links in the Tulsa 
facility’s accomplishment chain: the 
achievement of a particular level in 
its production of electronic equipment 
(nine-tenths of what it is today); in 
corporation of Midwestern Instru 
ments and its laboratory subsidiary; 
and completion of the new building, 
whose 78,000 sq ft are more than 
three times as much as that available 
in the corporation’s two former build- 
ings together. 
> Three new divisions have pitched 
into the increased work load of G. M. 
Giannini’s airborne operations. The 
new divisions, for Gyros, Systems, and 
Transducers, are actually subdivisions 
of Giannini’s former Airborne Instru- 
ment Div. D. R. Gero, recenth 
named vice-president and airborne op- 
ciations manager, will be overall super- 
VISOT. 
> British and 


continental airframe 





manufacturers soon will find in Brent- 
furd, England, a more accessible source 
for the aircraft hydraulic components 
made by Vickers, Inc. These com- 
ponents have been added to the 
production line at Sperry Gyroscope 
Co., Ltd., well-known on the isles for 
its airborne instruments and, like 
Vickers, a division of Sperry Rand 
Corp. Sperry already is delivering one 
accessory and expects to get rolling in 
carnest by late 1956. 

P On the strength of its new name, 
which is Consolidated Electrody- 
namics Corp., Consolidated Engineer- 
ing Corp. expects to be able to qualify 
in New York, where “engineering” 
has been construed as a misnomer, 
and in Pennsylvania, where a conflict 
over similar company names spelled 
its exclusion. The change, however, 
was not made in an effort to expand 
activities. According to Consolidated’s 
President Philip S. Fogg, “engineer- 
ing” does not adequately describe the 
company’s business and is apt to have, 
at certain times, a narrow connotation, 
and at other times, a wrong one. 

>In a new electronic research center 
on a three-acre site leased for 99 years 
from Leland Stanford Junior College, 
Admiral Corp. will expand its Ad- 
vanced Development Section and press 
its work on guided missiles, radar 
systems, air navigation, nuclear radia- 
tion measurement, direction finding, 
and communications. Robert M. 
Jones will head the contingent of en- 
gineers that will move to the new lab- 
oratory, in Stanford Industrial Park, 
at the end of the year. 

> Metrotype Corp., a recent acquisi- 
tion of The Hays Corp., left Summit, 
Ill., recently for Michigan City, Ind., 

where it will be next door to its new 
parent. 

> International Resistance Corp. is 
throwing a brand new roof over three 
of its subsidiaries: Hycor Co., IRCal 
Industries, and Emec, Inc. The one- 
story building, in Sylmar, Calif., will 
also house IRC’s West Coast ware- 
house. About 200 employees will 
move into the 26,000 sq-ft facility 
early next year. 

P Recent acquisitions: Tartex Elec- 
tronics (miniature and sub-miniature 
transformers for aircraft) by New York 
Transformer Co. — Tartak’s name 
changed to NYT Electronics; Com- 
puter-Measurements Div. of Detec- 
tron Corp. by RC Controls Corp.; 

Econo Products Co. (hot-water heat 
ing instruments) by Viking Instru- 
ments, Inc.; Kaye Development Co. 
(electronic color evaluation instru- 
ments) by Atomic Instrument Co.; 
and Commercial Research Labora- 
tories, Inc. (Cox Instruments, flow- 
meters, and other scientific apparatus) 
by The George L. Nankervis Co. 


rouble-free! 


m= © © 


Specify Partlow 


for rugged, simplified 


designs that take 


the “bugs’ 


‘out of 


temperature controls! 


SEND US YOUR PROBLEMS. See how Partlow has 
simplified Temperature Controls to give you sensitive, 
precise operation, with minimum maintenance and 
much lower cost than possible with complicated, less 
rugged thermocouples and other types. Ranges: 
—30°F. to 1200° F. Applications—any process requir- 
ing control of gas, liquids or solids. Basic advan- 
tages... 


MODEL RHSS 


Recording Controller 
. dual tempera- e 


ture-humidity control e 


Write for Condensed Caialog 


. LONG LIFE — thick-walled capillaries .. 


. LOW INITIAL COST. 


DIRECT-ACTING ... mercury actuated. Sensitive 


— never temperamental. 


. INTERCHANGEABLE ELEMENTS —for quick, easy 


field replacement. 


. ACCURATE CALIBRATION —conservatively, 


within 1% of scale range. 


. seamless 
tubing. 


.low upkeep — few moving 
parts — no need for compensators. 


the pioneer in mercury thermal controls 


Offices in All Principal Cities 


THE PARTLOW CORP., 


NEW HARTFORD, N.Y, 


Export Office: Ad Auriema, 89 Broad St., New York 
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Application in solid state physics... 
a demonstration of the versatility of EAl Computers... . 


One of the complex problems faced by a certain manu- 
facturer, who was concerned with an industrial method 
of purifying silicon rods, was to determine the physical 
conditions which lead to stable liquid zones when the 
rods were subjected to concentrated heat, as well as the 
shapes of the hanging liquid drops. 


This is a problem typical of those solved so efficiently 
by Electronic Associates’ Analog Computing Equip- 
ment. This equipment made available to the manufac- 
turer a graphic solution of the desired zone and drop 
shapes (see illustration above). In addition, it also 
provided valuable information on the maximum zone 
heights and the possible variations realized by varia- 
tions in rod diameters. 

Another demonstration of the facility and flexibility of 
EAI’s Computing Equipment. The equipment that is 
renowned for its speed, accuracy, and unique system of 
expansion. 





Complete details on this equipment with its automatic 
read-outs, problem checks, and high speed servos will be 
forwarded on request. 


Write Department CE-14, Electronic Associates, Inc., 
Long Branch, N. J. 


Information also will be furnished on request concern- 
ing EAI’s Computation Center at Princeton, New 
Jersey, where the use of Precision Analog Computing 
Equipment may be obtained on a time-rental basis 
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INDUSTRY’S 
PULSE 


Congress Lends 


One Ear to Automation 


Goaded by Walter Reuther’s skillful campaign to make the 
word symbolic of job insecurity (see Pulse, February and June, 
1955) , Congress finally had its full-dress inquiry into the “broad 
peel social implications of automation”. The hear- 
ings, conducted by Rep. Wright Patman’s Economic Stabiliza- 
tion subcommittee, ran two weeks—Oct. 14-28—and resounded 
with carefully prepared testimony by six union executives, 10 
industry spokesmen, and eight “neutral” observers from govern- 
ment bureaus and institutes, 

Most loquacious in the parade of labor leaders was redhead Automating in 
Reuther himself. “Labor,” he amiably insisted, “welcomes the the 4-day week 
arrival of automation.” But then he went on to urge a “cush- 
ion” to keep workers on the payroll when automation spreads: 

a “gradual reduction” of the work week from 40 to 35 and 
finally 30 hours. And on this basis a flat prediction that the 32- 
hour, four-day work week will be with us in ten years. 

Industry speakers departed from prepared texts to level some 
ts lances against Reuther’s convincing arguments. Robert 

l'ait of General Dynamics dramatically intoned that‘ ‘automation 
is the only conceivable answer to a probable labor shortage” in 
the vears ahead. And Sylvania Electric’s colorful Don Mitchell 
fumed over Reuther’s claim that profits from automation rarely 
reach the consumer. He described the costly scrapping that is 
saved by automatic techniques in electronic production, then 
cracked, “Machines can’t think—but they’re not careless.” 

Both sides of the story were convincingly told. But when 
figures were cited on the actual effect of automation on jobs, Which paper 
confusion took the reins over clarity. Communication Work- do you read? 
ers’ Joe Beirne, for example, reeled off a telephone industry 
employment slippage of 1.6 per cent each year and predicted 
100,000 jobs could be lost by 1965. But General Mills’ Dr. 

Cledo Brunetti firmly held that dial equipment had meant a 
three-fourths increase in operators over the past 10 years. 

Government spokesmen hardly cleared the air. Just when 
labor and management had agreed that automation does mean 
zooming W orker. productivity, Labor Secretary James Mitchell’s 

calm release of post-war productivity figures showed that average 
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Need a special potentiometer 
design? Our engineers are specialists 
in designing sub-miniature 
potentiometers, sector and open 
card winding potentiometers, and 
other combinations of special 
factors and functions. As the leader 
in standard precision potentiometer 
production, Fairchild has all the 
advanced techniques and facilities 
to give you fast service on both 

test models and production runs of 
potentiometers built to your 
exacting requirements. 





SPECIAL POTENTIOMETERS 
for your special needs \ 


” 


This is a special sector potentiometer. It came 
into being when the Eclipse-Pioneer Division 

of the Bendix Aviation Corporation needed a 
potentiometer with gear drive to mount within 
limited space in the altitude compensator of their 
Beam Guidance System. Excessive torque 

would cause inaccurate readings and result in 
unsatisfactory operation of the system, so a 
potentiometer with minimum torque was necessary. 
Since space limitations dictated an unusual 
configuration, our engineers worked with 
Eclipse-Pioneer engineers to develop this special 
design. The critical torque requirements of 

0.075 oz.-in. on a 4 gang unit were met by 
specially designed wipers, windings, and slip 
rings. This same constructive cooperation can help 
you when you need a special or a standard 
potentiometer. So, call Fairchild first. 
Potentiometer Division, Fairchild Controls Corp., 
a subsidiary of Fairchild Camera & Instrument 
Corp., 225 Park Ave., Hicksville, N. Y., 

Dept. 140-67C1 





EAST COAST WEST COAST 
225 Park Avenue 6111 E. Washington Blvd. 
Hicksville, L. 1., N.Y. Los Angeles, Cal. 





—fAIRGHILD 


PRECISION POTENTIOMETERS 
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.-- INDUSTRY’S PULSE 


manufacturing output per man-hour had increased little more 
than 3 per cent a year—about the same rate as during the period 
following World War I. But the full story wasn’t there. Mitch- 
ell’s figures only ran up to 1953. According to McGraw-Hill’s 
economics department, man-hour productivity may have surged 
to a much more impressive 5 per cent in the past two years. 

While most of the inquiry was focused on assembly-line 
production, one “sleeper” witness cast a new note into the 
proceedings by reporting on “an industry that was automated 
before automation was invented”. The man: bald, stubby Otto 
Pragan, research director of AFL, Chemical Workers. 

Pragan did not parrot other labor witnesses. Instead he 
showed the effect of automatic control on the type of worker 
in his industry. In 47, he said, there were three production men 
to each nonproduction worker. Today, although jobs have 
grown in number, this ratio is two to one. “The fault does not 
lie with automation as such, but with our inability to adjust our 
economic thinking to new levels of technological development.” 

Pragan’s pegging of automation as a technological rather than 
a socio-economic problem was pretty much lost on Congress— 
because Congress simply neglected to be there to hear it. ” Only 
one member (Chairman Patman) of the five-man subcommittee 
showed up for the hearings. Even the gallery, usually crammed 
at probe-time, had only a desultory sprinkling of spectators. 

Why has “automation” suddenly become a deflated political 
football? The reason is obvious: how can job insecurity be a 
theme when employment is hitting a record high and paychecks 
are getting fatter? 

Perhaps the neatest swan-song to the hub-bub was provided 
in Rep. Patman’s answer to a newsman’s query as to whether his 
group planned any legislation to cope with automation. “No,” 
faltered Patman, “we don’t know enough about it, it hasn’t 
developed enough.” 


A deflated 
political football 
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ANALOG COMPUTER 


It's the only 
r—Tetelalelaaltet-| Maus) ae 


Prepatch boards are, 


of course, 


prepared away from the machine. 


“Problem Check’’ means that only 


an absolute minimum of time is 


required onthe machine to check 


the problem set-up in its entirety. 


A great deal of expensive check- 


ing and cross-checking while the 


problem is on the machine is 


- thereby eliminated. 


| Vewsicn SPEED SERVOS 


| Servo multipliers have band- 
; width over 50 cps. Velocity 
1500 v/sec, Six gang pots; 
two tapped \with front panel 
| plug-in turrets for function 
generation. 








REAC 
Analog 
Computers 
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*Patent Pending 


CHECKS: 


PROBLEM CHECK* 


new REEVES development 
permits verification of problem 
set-up before a problem is run 


* Diagramming of the problem 
from the equation. 


* Patching of the problem from 
the diagram. 


* Operation of all computer com- 
ponents to be used. 


“Problem Check” is a new method developed by Reeves to verify 


analog computer circuits without disturbing the problem set-up. 


Checking is done directly from the equation before the problem is run, 


and the operation of every computing element is checked. 


Further, if the output of any computing element is not correct, the 


location of the difficulty is indicated, and the trouble can be quickly 


and easily found. After “Problem Check,’ 


‘runs may be taken on 


the machine with assurance that the set-up is correct and that 


the machine is functioning properly. 


Vow. Heyy suri2ins-srocx 
HIGH SPEED RESOLVERS CONSTRUCTION 


Vastly improved dynamic per- 
formance . . . 35-cycle band- 
width. Rectangular and Polar 
operation; Full AGC either 
mode requires no trimming. 


Front panel plug-in turrets for 
function generation. 


Precision 
Floated 
GYROS 


ENGINEERING 


Permits assembly of computer 
elements in any desired com- 
binatior, to do particular job 
or expand existing installa- 
tion. Completely adaptable to 
your specific requirements. 


® 
| REVIEW THESE OUTSTANDING REAC 400 FEATURES 


Vow convenient PATCHBAY Vow rowerrur AMPLIFIERS 


Available in units of 1632, 
3264 or 4896 holes for maxi- 
mum flexibility. Color-coded 
mask aids in patching. Patch- 
board changes possible during 
operation. 


New dual amplifier chassis, 
individually chopper-stabilized. 
Noise less than 3 mv _ rms 

. Phase shift 0. * ae 


iB 100 cps. a pabinet. Ba nd- 
width over 1 n_ cabinet. 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 
209 East Sist St., New York 28, N.Y. 











Precision 
RESOLVERS and 


PHASE SHIFTERS 


SERVO 
MECHANICAL 
PARTS 
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Design by Routine- 





but Consider 





the Fundamentals 


Four “Feedback Letters” received this month clearly describe the growing 
professional needs of our field. ‘Two of them are from Gulf Coast readers 
seeking correspondence or evening extension courses in the technology of 
control system engineering. ‘They typify many similar requests that have come 
in over the months from widely scattered plants and industries. 

The other two letters, from author J. . Kadish and a critic, discuss the 
benefits and pitfalls of following routines in control system design. ‘The critic 
argues that the system designer must be able to construct complete mathemat- 
ical design models from basic physical laws. But the rebuttal contends that 
design of familiar systems can be set up in orderly, straightforward steps to 
make persons of lesser experience more useful to their engineering group. 

Both debaters are right. ‘The engineer pondering new control problems must 
be capable of unique approaches in analysis and design. University graduates 
trained in the formal skills of control engineering steadily add to the cadre of 
engineers who are able to handle the necessary mathematical tools. But these 
graduates are too few in number — they hardly meet the demand for their 
services in industrial control, let alone military systems enginecring. 

Fortunately, the limited number of properly equipped control engineers is 
strongly supported by “‘volunteers from design, production, and process en- 
gineering,” as our October Industry’s Pulse reported. The two correspondents 
from the Gulf Coast are such “volunteers”—and to this group we will con- 
tinue to direct articles. Review and primer articles will teach the application 
of mathematical analysis to typical problems. Others will describe the routine 
steps in solving a specific problem, and then demonstrate the routine with 
numerical examples that include characteristics of specific products on the 
market. As in the past, new techniques of analysis and design will balance the 
editorial dict. With this blending of routines with creative analyses we hope 
to convert the “volunteers” to regulars in 1956. 
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A MESSAGE TO AMERICAN 


INDUSTRY ®© ONE OF A SERIES 


Automation Creates Jobs 
For Workers With Skills 


There is new and reassuring information for those 
who fear that “automation” — the control of machines 
by machines — will mean fewer job opportunities. It 
comes from a special survey of 1,574 companies in 
metalworking industries recently completed by 
AMERICAN MAcHiINIstT, a McGraw-Hill publication. 
More than one-fifth of the companies reported that 
they already have automatic loading, transfer or as- 
sembly machinery in operation. In these companies as 
a whole there has been a net increase in total employ- 
ment since this machinery was installed. 

According to the AMERICAN MACHINIST survey, of 
these companies with actual experience in automation 


26% reported increases in employment 
averaging 21% 

51% reported no change in total employment 

23% reported decreases in employment 
averaging 16% 


More Jobs for the Skilled 


Of greater significance, however, is the re- 
sponse by 40% of these companies that they 
required more skilled maintenance men and by 
21% of the companies that they had increased 
their engineering staffs. This indicates that auto- 
mation is strengthening a trend already evident in 
the United States, a trend of expanding opportunity 
for those with industrial and professional skills and, 
relatively, of contracting opportunity for the unskilled. 

The following chart shows how strong this trend 
has been over the past 25 years and how strong it may 
be expected to be over the next 15 years. 

There has been a sharp decline in the percentage of 
unskilled workers in the nation’s labor force and a 
corresponding increase in the percentage of those 
with varying degrees of skill. 
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It is possible, of course, to cite cases of individuals 
and groups that do not conform to the charted trends. 
Farmers, for example, are becoming at the same time 
more skilled and less numerous. But this does not up- 
set the broad proposition that opportunities are in- 
creasing for those who have skills. 
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Power and Production 


Much of the basic explanation for the rela- 
tive expansion of opportunities for those with 
industrial and professional skills lies in the in- 
creasing use of power-driven machinery. This 
has made possible a vastly greater increase in manu- 
facturing production than in the manhours of human 
labor devoted to it. The following chart shows the 
relative increases in electrical energy and manhours 
of labor used in manufacturing since 1930 and the 
rise in industrial production. 


1930 1955 index 


Electrical energy 1930= 100 


(billion kwh) 52 212 
Industrial production ‘ 

(1947-49 = 100) 49 135 
Production manhours 

(billions) 16.1 27 


— 700 


. manhours — 
Or nen en ee 





100 


l 
1930 1955 1970 


*Excludes power used in aluminum and magnesium 
reduction, both very heavy power users. 








Power-driven machines have reduced the amount 
of human energy required for physical labor, but they 
have increased the need for skillful handling and 
maintenance. As the AMERICAN MACHINIST survey 
demonstrates, the same is true of automatically con- 
trolled machinery. 


Higher Wages, More Leisure 


The rising average wage of American indus- 
trial workers and the decline in hours per week 
that they must work reflect directly the extent 
to which the increase in industrial production 
has outstripped the manhours devoted to it. 
The final chart shows the increase in weekly wages 
(in dollars of constant purchasing power) and the 
decrease in the average workweek in manufacturing 
since 1930. It also shows the changes that may come 
in the next 15 years if present trends continue. 








More pay, 
for less work 
for manufacturing workers 
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There are some who would slow what an 
earlier editorial in this series characterized as 
“the continuing process of taking dull and la- 
borious work off the backs and minds of men 
and transferring it to machines operating in 
large batteries under automatic control.” In 
doing so, they might make the world safer for 
those with no skill. The far more constructive 
course is to welcome the expanding opportuni- 
ties now being provided and be sure that the 
nation’s young people, who are now starting 
another school year, are prepared to take ad- 
vantage of them. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
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DIGITAL APPLICATION SERIES 


Data Processing Systems: 


How They Are Used 


This is the introduction to a series of fourteen articles covering the 


selection and application of data processing equipment and systems. 


The scope of this Series, while complementary to, is distinctly differ- 


ent from, the Basic Digital Series, which will run concurrently. The 


prime concern of the Application Series is how the equipment is used, 


rather than how it works. Subsequent articles will cover program- 


ming, system design, and equipment, in three areas: 1) solving scien- 
tific problems; 2) handling business data; 3) controlling a process. 


EUGENE M. GRABBE, The Ramo-Wooldridge Corp. 


Electronic digital computers are probably the 
most versatile general-purpose tools ever devised by 
man. With their ability to internally store programs 
of instructions for long and complex operations, 
their future in both engineering and business is 
almost unlimited. But before digital computers 
can begin to justify these expectations, the practical 
problems of cost and operating experience must be 
solved. At present, experience is being accumulated 
and new designs evaluated. 


FROM PAST TO PRESENT 


Digital machines’ history reaches back to 1801. 
In that year, Jacquard applied punched cards to 
the control of a loom for the first application of 
automatic digital process control. About 50 years 
later, Babbage proposed punched-card input for his 
analytical engine, and 100 years after Jacquard, 
Hollerith of the U. S. Bureau of Census developed 
the first punched-card machine for computing type 
operation. These and other milestones in digital 
computer history are listed in Table I. 

Although the first electronic computer is scarcely 
ten years old, Professor Aiken of Harvard estimates 
that $100 million has been spent on development. 
The results have been some excellent high-speed 
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scientific computers. During this period, according 
to Professor Forrester, head of the MIT Digital 
Computer Laboratory, computer speed has increased 
100,000 times, and storage capacity and reliability 
100 times, Table II. But further improvements will 
come more slowly. Speed, storage, and _ reliability 
have reached a stage where there will be some settling 
down and broadening of computer applications 
while operational experience is gained. 

The dollar volume growth of the digital computer 
field has been phenomenal. In 1940 this market 
did not exist. In 1953, the volume was $25 million 
and Stanford Research Institute estimates that by 
1960 it will be one-half billion or more. Although 
the market for control instruments is also growing 
rapidly, it seems that by 1960 the computer dollar 
volume will be four times that of instruments. 

Electronic digital computers, at first exclusively 
used to solve scientific problems, are assuming 
importance in two other application areas: business 
data handling and process (real time) control. (See 
Data Processing Systems: How They Function, Con- 
TROL ENGINEERING, October 1955.) The degree of 
development of these application areas follows about 
the same order: scientific, business, and control. 
Users and manufacturers are gaining operational 
experience with electronic business machines and 
are still experimenting with the preliminary models 
of digital control devices. 





DATE 


TABLE! MILESTONES IN COMPUTER 


ORIGINATOR 


MACHINE 


HISTORY 


REMARKS 





Before 1200 


China and Near East 


ABACUS 


Used by merchants for business. 





1642 


Pascal 


ADDING MACHINE 


Successfully applied to tax 
collection problem in France. 





Leibnitz 


CALCULATOR 


Used in his father's mercantile 
business. Could perform four 
basic arithmetic operations, bur 
was not dependable. 





Jacquard 


PUNCHED CARD 


Punched-card loom control for 
weaving figured fabrics. 





Thomas 


DESK CALCULATOR 


Same principle as Leibnitz, 
but reliable. Improved models 
used for next hundred years. 





Babbage 


DIFFERENCE ENGINE 


For calculating mathematical 
tables. Not completed. 





Babbage 


ANALYTICAL ENGINE 


Programmed automatic computer 
including decision functions. 
Punched-card input. Not completed. 





Morse 


PUNCHED TAPE 


Telegraphic communication. 





Hollerith 


PUNCHED CARD MACHINE 


Used by U. S. Bureau of Census 
for sorting and tabulating data. 





First general-purpose automatic 
digital computer, Electro- 
mechanical operation, Built 

by IBM. 





1939-45 


Eckert & Mauchly 


ENIAC 


First general-purpose electronic 
digital computer. 18,000 tubes. 





1946-52 


U. of Pennsylvania 


EDVAC 


First computer with internally 
stored program. 





1951 


Remington Rand 


UNIVAC 


First alphanumeric machine. 





MACHINE 


TABLE || TEN YEARS OF IMPROVEMENT 


SEQUENCE CONTROL 


+ 


x + compare 


ARITHMETIC SPEED (millisec) * MAXIMUM STORAGE 
CAPACITY 





MARK | 


Punched Paper Tape 


300 7,000 60,000 


1,728 decimal digits 


Mechanical counters 





ENIAC 


Plugboard or Punched 0.2 
Cards 


0.2 2.8 


200 decimal digits 


Tube registers 





EDVAC 


Internal Storage 


0.846 2.85 


2.9 0.696 


45,000 binary digits 


Mercury delay line 





UNIVAC | 


Internal Storage 


0.525 2.15 


3.89 0.365 


12,000 characters 
11 x 10° characters 


Mercury delay lines 
10 tapes 








IBM705 


Internal Storage 


0.204 0.799 


4.82 0.204 


20,000 characters 
1.8 x 10° characters 
5 x 10° characters 


Magnetic cores 
30 Drums 
100 Tapes 
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As shown in Table III, equipment requirements 
are different for the three fields. ‘This suggests a 
natural division for examining the present status 
and future horizons of electronic digital computers. 


Scientific and Engineering Computers 


The modern high-speed computers, such as the 
Univac and IBM 704, and many smaller machines 
(IBM 650 and ElectroData Datatron), were devel- 
oped primarily as scientific computers. ‘The first 
electronic machine, the ENIAC, had no internal 
memory other than vacuum tube registers, while the 
modern machines have high-speed magnetic-core 
storage of the order of 10° bits. 

The original scientific computers were excellent 
for extensive computation that involved little input 
and output data. But as internal memories have 
grown, so has the variety of problems that can be 
handled by stored-program computers. And since 
scientific calculations often require multiplication 
and division, manufacturers have concentrated on 
machines that can rapidly perform these operations 
too. 

In planning for the future, the National Bureau 
of Standards group under Dr. S. N. Alexander has 
found that some scientific problems require machine 
characteristics that are usually thought of in connec- 
tion with business data problems, such as very large 
internal storage, and sorting and merging operations. 
It may be that the differences between scientific 
and business-data machines are only temporary. 

Indeed, many data processors are being used for 
both scientific and business applications. For 
example, a steel company’s business installation 
estimates the cost of steel bridge structures. A job 


TABLE III 


SCIENTIFIC 


HOW COMPUTER 


that usually takes several months is reduced to a 
few days, and the results are more accurate. 

In the engineering field, computers are designing 
products ranging from transformers to jet engines. 
In many cases it is possible to by-pass model build- 
ing by computing design parameters. ‘Take the case 
of designing an electric power transformer, where 
about 10,000 operations are required to describe the 
process. Up to 20 computer reiterations with varied 
parameters might be required, corresponding to 
200,000 program steps, before the design specifica- 
tions are satisfied. The need for high speed is 
apparent. But large savings also evolve when many 
trial models no longer are necessary. 

Problems such as sales forecasting have yet to be 
formulated. These may require large storage of 
census data, sorting, and tabulating. Will they 
be scientific or business problems? 

The future holds many possibilities, especially 
in computer design. There are very few computers 
that have fully exploited the possibilities of equip- 
ment and circuit simplification through the use of 
Boolean algebra in logical design. From this point 
of view, practically all equipment in use or on order 
is obsolete. While machines are reliable and operate 
satisfactorily, neither they nor their components are 
representative of the latest technological know-how. 
In general, the West Coast leads the east in logical 
design. And by the time machines incorporate the 
current logical design techniques, the logician will 
still be a step ahead of them in his theories. 

Two of the deterrents to rapid progress are the 
cost and time involved in designing and producing 
a digital computer. Early computer design found 
expression in the “von Neumann constant’’—at 
any time, the completion date is always a fixed 


REQUIREMENTS VARY 


REAL-TIME CONTROL 


BUSINESS 





Input and output Small 


Large Small, multi-channel 





Computing speed Very high 


(microseconds) 


High Low to high 
(milliseconds) (depends on system 
time constants) 





Total storage Medium, about 


10° bits 


High about 
10° characters 


Low to medium, 
about 105 bits 





Number of 
logical decisions 


Medium 


Very large Small 





Program size Large, about 


1,000 instructions 


Very large, up to Small 


10,000 instructions 





Sorting Occasional 


Frequent Never 








Number of machines 
in operation 


100 — 200 


Less than Few 
100 
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THE MOST USEFUL DEVELOPMENTS HAVE BEEN MAGNETIC DEVICES 


td 8 SY UA ARO 2 
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FIG. 1 Bank of magnetic core memories in Remington 
Rand Univac II can store 120,000 characters of data. 


period away. However, there are many new com- 
ponents in the offing that will affect the design 
and probably the cost of future machines. Magnetic 
cores, transistors, and other semi-conductor devices, 
if combined with current logical design techniques, 
will yield superior machines. 

In modern computers, the input and output equip- 
ment is less reliable than the computer proper. More 
basic work is needed in this area. Storage devices, 
too, have lagged in design and construction, and 
are still one of the most expensive parts of a com- 
puter. The most useful developments have been 
magnetic devices—drums, tapes, and cores, Figure 
1. But the ultimate storage element may be quite 
different from anything today. Developments in 
semi-conductors and dielectrics hold great promise. 


BUSINESS DATA PROCESSORS 


Modern business data processors are essentially 
scientific computers with special features that make 
them useful for business problems. These problems 
are characterized by large amounts of data and fre- 
quent input and output. Payroll, customer billing, 
and inventory control are typical examples. Mani- 
pulating this data requires large storage capacity, 
frequent sorting and decisions or branch routine 
operations, and sequencing programs that may 
involve up to 50,000 instructions. Future progress 
will depend on the design of business data proces- 
sors for business use and on revamped business 
procedures. These must go hand in hand. A sys- 
tems approach is required that applies business and 
scientific talent to the complex structure of men, 
materials, equipment, and procedures. 


Designers of business machines have been hard 
pressed to match the speed of the input-output 
equipment to the internal computing speed. Again, 
basic work is required to relieve the severe buffering 
problems in business equipment. And although the 
most common business operations are addition, sub- 
traction, and decision making, fast multiplication 
is desirable since most users tend to apply their 
business data processors to scientific-type computa 
tions. As the solution of clerical problems becomes 
commonplace, machines will be used for such com 
plex computations as long-range planning, plant 
design and location, and for making market 
analysis. 

One interesting concept is the use of several 
small machines rather than one large installation. 
Another is the use of special-purpose equipment, 
such as “File Maintenance” machines for sorting 
operations, and the ERMA, Bank of America ma 
chine, for check bookkeeping, Figure 2. 

Relatively few companies at present manufacture 
business data processors. However, there is plenty 
of room for new blood, and radical advances in 
thinking could break the field wide open, since it is 
increasingly clear that available equipment is lacking 
in many respects. Sorting is slow and expensive, 
and large-capacity random-access storage is required. 

Even though available equipment leaves much 
to be desired, it can still save money and provide 
experience. Better machine designs are partly based 
on past operating experience, and it is up to busi- 
ness to take the lead in setting specifications for the 
equipment of the future. But business has been 
slow to adopt these new tools, and the first applica- 
tions were in government agencies. .Two Univacs 
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at the Bureau of Census will bear the brunt of the 
1955 Census of Business and Manufacturing. The 
normal two-year task of tabulating and compiling 
will be done in nine months. 

The problems of applying electronic data proces- 
sing to the office are not simple, since they involve 
overturning antiquated accounting and business 
procedures. It may take years to change the tradi- 
tional methods and habits. Take the case of the 
Court of Exchequer in Great Britain. According 
to Charles Dickens, this venerable body used the 
old English tally- -stick system of keeping accounts 
on notched sticks until early in the Nineteenth 
century (Robinson Crusoe also used this approach ). 
After years of hedging, this antiquated method was 
finally abolished in 1826 in favor of pen and paper, 
and it took another eight years to get rid of the 
accumulated tally sticks. Those who were put in 
charge of burning these “worm-eaten bits of wood” 
accidentally set fire to the House of Lords and the 
neighboring House of Commons. Both burned 
to the ground. There’s a lesson in this for modern 
business. Do not cling tenaciously to outmoded 
methods, equipment, and stacks of records that are 
no longer necessary to run a business. 

Many businesses planning data-processor installa- 
tions are faced with the problems of assembling 
staffs, planning applications, and preparing instruc- 
tions (programming). Military experience has 
shown that these problems can best be solved by 
teamwork between technical and procedures _per- 
sonnel. The speed with which business can make 
effective use of the new tools is proportional to its 


COMPUTER KEEPS TRACK OF CHECKS 


FIG. 2. Travelers check scanner developed by Stanford Re- 
search for Bank of America’s new check bookkeeping system. 
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ability to assimilate technical personnel and know- 
how into business operations. Decisions must be 
based on sound information and not on intuition. 
Evaluation of methods of minimizing total informa- 
tion, maximizing information content, setting goals, 
time phasing, and accuracy all require logical scrutiny 
and scientific analysis. Mathematical models will be 
used extensively, and management will lean heavily 
on Operations Research teams. 

Advances in “Automatic Programming”, by which 
the computer constructs and assembles | programs, 
will be a boon. This technique greatly reduces both 
the man-hours required to program a problem, and 
the technical skill required of the programmer. In 
addition, devices that code information in “common 
language” at the point of origin are sorcly needed. 
These would avoid transcription to cards or punched 
tape before going to magnetic tape and the computer. 
Standardization between manufacturers would also 
help: one machine could communicate with an- 
other without expensive code-transformers. 

The greatest benefit will come from integrating 
the office automatic data handling facilities with 
those of the automatic factory, since basically, 


formation handling in a manufacturing industry 
concerns control of production, sales, and inventory. 


PROCESS CONTROL SYSTEMS 


In real time control applications, the computer 
is an integral part of a control system. It receives 
data from the process, computes, and delivers control 
signals on a time scale consistent with the stable 
operation of the process. Examples are continuous 
flow manufacturing processes, aircraft flight control, 
and many simulation problems. Computing ele 
ments are not new to process control instruments, 
but usually the computation involves one variable 
in time. When problems become complicated, when 
variables are interdependent, or when high control 
speeds are essential, it may pay to separate the com 
puter from the instrumentation. 

Analog computers have been applied increasingly 
to control of industrial processes since the war, 
while the digital machine is a newcomer. But it 
appears that digital computing techniques can com 
pete successfully with analog methods where digital 
advantages in flexibility, programming, and accuracy 
are important. Analog-to-digital converters are 
required, though, since control variables are usually 
analog in nature, Figure 3 

Digital computers as integral parts of industrial 
control systems are few and far between. ‘The mili- 
tary has led in this field as a result of the demands of 
increasingly severe military specifications in accuracy 
and control, and the availability of government funds 
to finance developments. Complicated military 
weapons systems are ideal for computer control, 
since they can be readily analyzed; for example, 
missile and aircraft control involves the laws of 





motion. ‘Time-sharing for multiple modes of control 
and auxiliary computations is also possible. Small 
airborne digital computers have been used to auto- 
matically control aircraft flight. (See Flight Control 
and the Digital Computer, Conrrot ENGINEERING, 
October 1955.) New techniques and components, 
resulting from continued military support, will 
slowly filter into the industrial picture. 

Before a computer can control a process, the 
dynamics of the process must be understood. At 
the present, the flow of liquids in distillation columns 
and similar apparatus evades rigorous mathematical 
treatment, and high-speed chemical reactions involv- 
ing catalysts are even more complex. But experi- 
mental and analytical work now in progress will 
lead to a better understanding of process dynamics. 
(See Determine System Dynamics—W ithout Upset, 
ControL ENGINEERING, June 1955.) 

Contemporary control instruments apply control 
on the basis of past information rather than on 
prediction. ‘To predict the future implies a clear 
understanding of a system. Then high-speed com- 
puters can anticipate and control rapidly changing 
processes. Even operator “judgment” based on past 


experience can be programmed for a computer; or 
it may be possible to use computers as learning 
machines to accumulate and evaluate past experi- 
ence for future control. 

Computers are being used in the laboratory, in 
the design of processes, and in the digital logging 
These are but one step from 


of operating variables. 
process control. Indeed, many instruments that 
were previously considered laboratory devices are 
now available as in-plant process control units. An 
example is the mass spectrometer. 

Computers are commonly thought of as fine for 
repetitive operations, but no good when nonrepeti- 
tive operations are involved. Note, however, that in 
business applications, the largest savings appear 
when the computer is programmed to handle excep- 
tions. These exceptions could not be handled by 
earlier machines. Similar arguments will apply to 
process control. 

Initially, the general-purpose digital computer 
may be too large for many process control applica- 
tions, although on a time-sharing basis it may later 
prove economical. Special-purpose computers with 
reduced capabilities will fill this need. Digital 
differential analyzers and combined digital-analog 
machines are possibilities. Reliability and simplicity 
will be the outstanding characteristics. Digitizing 
of analog variables should be accomplished as early 
as possible in a process. Magnetic amplifiers and 
transistors will be widely used. 

Many people say, “Computers in process control? 
Yes—but you're talking about 20 years from now. 
If we are clever and apply the technical knowledge 
we now have, this period may be reduced by four 
to five years. This will probably involve radical 
changes in plant design, but the results are certain 
to be spectacular. 


THE PIVOT ELEMENT 
FOR COMPUTER-PROCESS CONTROL 


FIG. 3 Commutator from Giannini analog-to-digital 
converter. It gives 2,000 counts in 360 deg. 


DR. EUGENE M. GRABBE 


Dr. Eugene M. Grabbe, who led the project that 
resulted in the first airborne digital computer for 
automatic flight control, has been Senior Member 
of the Technical Staff of The Ramo-Wooldridge 
Corp. since 1954. In 1940, when he received his PhD 
from Yale, he was a research physicist at U.S. Rub- 
ber. In 1945 he went to Homelite Corp. as techni- 
cal consultant on new product development, and 
in 1948 joined Hughes Aircraft Co. as associate 
head of the Computer Systems Dept. Dr. Grabbe 
is Los Angeles chairman of IRE’s Professional 
Group on Automatic Control and Control Engi- 
neering’s West Coast editorial consultant. 
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Factors in Selecting 
Valves for 


Compressible Flow 
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1—USUALLY, THESE FACTORS ARE IMPORTANT IN SELECTING A VALVE: 
P VALVE SERVICE—ability to withstand extremes of temperature, pressure, 

vibration, corrosion, etc., and still maintain desired operation 

> VALVE WEIGHT, which should be at a minimum 

P VALVE MAINTENANCE costs; they are mainly functions of individual valve 


design and production methods. 


2—BUT APPLICATION ENGINEERS SHOULD ALSO STRESS THESE POINTS: 
> VALVE PERFORMANCE CHARACTERISTICS. Are they properly correlated 

with the system’s operational characteristics? System components upstream 

and downstream of the valve must be considered. 

> PURPOSE OF THE VALVE. Is it for shutoff, pressure regulation, flow regula- 


tion, temperature control, or something else? 


3—PARTICULARLY IN CHOOSING ONE OF THE FOLLOWING VALVES: 


1. BUTTERFLY VALVE (Fig. 1A) 


2. SLIDE (OR GATE) VALVE (Fig. 1B) 


3. BARREL VALVE (Fig. 1C) 


4. POPPET VALVE (Fig. 1D) 
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GILBERT L. ROTH, Temco Aircraft Corp.* 


A valve may be defined as a variable orifice—a 
device introducing a variable positive resistance into 
a fluid flow to permit flow regulation as required by 
a given system. Therefore, for a given valve position 
the valve characteristics are the same as for an orifice 
of some proportionate geometry. 

The assumption that an idcal throttling valve 
should have linear variation in area with valve dis 
placement is generally incorrect. So is the prac- 
tice of minimizing pressure loss by using valves 
as large in diameter as the duct. Instead, valving 
should be considered in terms of (a) the overall 
pressure-loss coefficient, K, which is inversely pro 
portional to flow velocity squared and does not, as 
a tule, vary directly with valve area, and (b), prevent 
ing sudden or excessive pressure and flow surges, 
which can cause overloads. 

The pressure loss across a valve or orifice increases 
with the square of the fluid flow, as is shown in the 
following analysis. It should be noted that various 
entrance and discharge effects that vary with differ- 
ent valves or installations are included in the 
development of an overall pressure-loss coefficient to 
establish more fundamental and pronounced effects. 


THE EFFECT OF RESISTANCE 


Assuming a flow restriction (valve or orifice), the 
compressible adiabatic flow may be written: 


29 AP; 
» = CA, Ya] ~ 
tata \” AP,/AP, 


Since 
Q. = Veale (2) 
Shortly after finishing this article, Mr. Roth left Temco 
Aircraft to join Convair at Fort Worth, Tex. 


SIMPLE ORIFICE CHARACTERISTICS 








f. r A;)? AP; 
2g >| cy: 7 oo | (4) 


Since the pressure recovery ratio, AP,;/AP,, and the 
discharge coefficient, C, depend primarily upon the 
area ratio, A,/A;; and the expansion factor, Y, 
depends upon P,/P,*, it is assumed that: 


(Ao/Ai)? |, APs A.\ .f{ Ps - 
cy? Yad FW fs ' 


*Y also depends on A,/A,, which is unity in a pipe of con- 
stant diameter. 








THE SYMBOLS 


FIG. 1 
me 


Area, ft? 

Discharge coefficient, dimensionless 

(CA = effective area) 

Acceleration of gravity, ft/sec? 

Pressure loss coefficient, dimensionless 

Pressure, lb/ft? 

A dimensionless factor indicating relationship be- 
tween valve resistance and overall system resistance; 





Ay 
rate TR 
faye f if) 4 
\ \te ‘Ps 





h 


DUR™® OD 


pressure drop across wide open valve 
opi pressure drop across valve + system 
am P. —_ Pomasz 
P, — P, 
AP, Pressure differential, P,) — P», lb/ft? 


AP, Pressure differential, P, — P,, lb/ft? 
Q Volume of flow, ft®/sec 

Temperature, degrees Rankine 

Fluid velocity, ft/sec 

Fluid mass flow, lb/sec 

Compressibility factor, dimensionless 

Density of fluid, Ib/ft® 

Density ratio, actual density /standard density, 

dimensionless 

Function of ... 


SUBSCRIPTS 


Valve inlet 
Valve minimum area 
Valve outlet (full recovered stream flow) 
Downstream of fixed resistance or orifice 
duct 
standard conditions 
vena contracta downstream of valve minimum area 
max valve open to its maximum free flow area 
system total for valve and fixed orifice(s) 
valve valve at any position 





1955 4] 


DECEMBER 





The area ratio, A,/A;, is dependent upon the valve 
position. Therefore, we can substitute a coefficient 


K for (4) such that K is dependent upon the 
1 

valve position. 

pressible flow: 


sh Py 
AP, = K 29 na ( rt) (6) 


Thus, using Equation 4 for com- 


where K is a function of valve position. For 
or any flow in which the 


pressure loss is low, ( e.) approaches _ unity. 


incompressible flow, 


Making the proper substitutions in Equation 6: 


ve Ww? 
._** K 2gA2on (7) 


While for compressible flow, Equation 6 becomes: 
-,( P2\ _ 29 AP; _ 2gp.Ac* APs 
Ke( Pt) “Vio, WwW @) 


Figure 2 is a plot of Equation 8 for compressible 
flow. The dotted line represents incompressible flow 
and has been drawn for purposes of comparison. The 
straight portion of the compressible curve indicates 
the range where the gas travels through the orifice 
at the speed of sound. 

In the actual systems, where pipe friction must be 
considered, the duct also has a K, which depends on 
that length of duct which will cause the same 
pressure Toss as an orifice of a given size. 

The throttling characteristics of any valve may be 
specified in terms of the variation of K with valve 
motion. ‘The flow resistance of a system can be 
expressed in terms of a K factor based on the fluid 
velocity at an arbitrarily chosen point. If this velocity 
is based on conditions at the valve inlet, the K’s for 
the valve and the fluid system are directly additive, 
and the K of the complete system changes by the 
amount of valve K change when the valve is opened 
or closed. By this type of analysis a satisfactory 

calculation of the throttling effect of a valve can 
be made in any system. 

Take, first, the simple case of a valve in a long, 
straight, smooth duct supplied by a source of con- 
stant pressure and discharging into a plenum 
(Figure 3A). If the duct’s resistance is negligible 
(K for the valve is approximately equal to K for the 
system) and the valve alone controls the flow, the 
flow is directly proportional to the valve area, and 
the percentage of maximum flow is directly pro- 
portional to the percentage of maximum valve area 
(Figure 3B). In other words, the inherent flow- 
regulating characteristic (W/Wmaz) for a simple 
valve is linear. 

If additional resistance to flow, such as a fixed 
orifice, is placed in the duct system (Figure 3C), the 
flow-regulating characteristic becomes non-linear. 
This can be proved analytically, but for these pur- 
poses, the final equation only will be stated. The 
equation for Figure 3D is: 


AP, = K 
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w \ 1 
—)= ‘ (9) 
( ) [( A re ) | 
l+p A — 1 


In any real system a length of duct is equivalent 
to a fixed orifice because of pipe friction. ‘Therefore, 
Equation 9 holds in a real system consisting of only 
a duct and a valve. 

An example of the effect of an orifice is in Figure 
3D, an extreme case in which 90 per cent of the 
maximum valve area change will reduce the flow by 
only 30 per cent. This case is reasonably typical 
of airflow through throttling valves used as simple 
shut-off or flow-regulating valves. 


THE EFFECT OF HOOK-UP 


If two identical arrangements of the kind shown 
in Figure 3C are placed in parallel (Figure 4A) and 
the valves in both ducts are connected to make 
the valve area changes equal but in opposite direc- 
tions (areas increase and decrease by the same 
amount), the flow characteristics in Figure 4B apply. 
The total flow characteristic, as shown, can be unde- 
sirable unless the fixed orifice is considerably larger 
than the maximum valve opening. 

The arrangement in Figure 4A is termed a “Dy- 
pass” system. It is particularly important when 
physically different streams of gas (such as hot and 
cold air) are mixed. In addition to the flow 
characteristics, the flow ratio of one duct to the 
total flow must be considered in such a system. 
The flow ratios described for a hot-cold air regulat- 
ing setup are termed the temperature-regulating 
characteristic of the system. ‘This parameter is 
plotted against valve position in Figure 4C. 

Another common bypass arrangement, a parallel 
system with one duct containing a fixed orifice and 
the other a valve, is shown in Figure 5A. Figure 5B 
gives the system’s flow characteristics, and 5C the 
mixture temperature relationship. 

Temperature- and flow-control equipment, which 
produce linear change in airflow with valve motion, 
give the greatest overall stability. In the case in 
Figure 4A, a small area ratio will cause increasing 
instability at the extremity of the scale. 

Take a specific example. If, when the valve in 
Figure 5A is full open, the ratio of hot-air by-pass 
flow to cold-air flow is 8.0 (r=8.0), the maximum 
tate of uncontrolled temperature change is ten times 
that of the desired linear rate of change.: In other 
words, near “close”, where the. rate of uncontrolled 
temperature change is at a maximum, the tempera- 
ture control must be ten times as sensitive to main 
tain the same sensitivity as a control that gives a 
linear rate of change. With the valve 70% open, 
though, the rate of temperature change is below that 
of the linear valve and has, therefore, a greater 
stability. This system might be ideal for an engineer 
interested in that particular part of the scale. 
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VALVES IN SERIES 


In another common arrangement, two valves 
operate in series. A shut-off valve in series with a 
pressure-controlled flow valve is an example. 

Assume a system in which one valve increases in 
area when another valve, in series with it, decreases 
in area and each valve: 

P is of the same size 

> changes area linearly with time 

> has the same timing full open to full closed 
> is full open when the other is full closed 

Figure 6A illustrates the inherent flow control 
characteristics of each valve and for the combination 
of valves in such a system. The actual flow control 
characteristics, as affected by system back pressure, 
are shown in Figure 6B. 

If a flow control were designed to control such a 
system at a valve pressure loss of p = 0.01, with the 
flow set point at 30 per cent of full scale, a momen- 
tary surge of 330 per cent would occur. Control 
system stability is adversely affected by an initial 
surge of that nature. Figure 6C gives a qualitative 
picture of the expected flow control performance for 
a pressure loss ratio of p = 0.01. Figure 6D qualita- 
tively portrays the improved control performance 
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obtained with a less severe control characteristic— 
if p= 1.0. 

If the system has two valves in series, both of 
which increase in area at the same rate, are full 
open and full closed together, and are otherwise 
similar to the valves of Figure 6, the effect of system 
resistance on control characteristics is shown in 
Figure 7A. The total characteristic is very similar to 
that of a single valve. If the set point of a flow 
controller is set at 30 per cent of full scale, the con- 
trol performance shown qualitatively in Figure 7B 
would result. Note the small amount of excess flow 
and the quick return to the control point. A com- 
parison of the cases in Figures 6 and 7 demonstrates 
the advantage of requiring the flow control valve 
to establish a full closed position upon closing of the 
shut-off valves (Figure 7). 

Some of the above analogies were simplified to 
avoid complexities caused by such variables as 
changes in the flow coefficients, electrical actuator 
time lag, pressure and temperature lag, etc. All 
of the examples chosen are based on the simple 
orifice analogy, which can be extended to any com 
bination of valve-to-system relationships. 
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HOW FOUR VALVE TYPES PERFORM 


In actual practice valving 1.00 
does not conform to the true 
orifice situations used above 
to describe valve actions. The p=10 
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Typical flow-area characteris- 
tics of the butterfly valve are 
shown in Figure 8. 8A indi- spain 
cates the inherent flow charac- 
teristics, assuming unity for the 
combined coefficient of con- PE > MAT 
traction and expansion, and 8B, ren 
the actual flow-control charac- 
teristics for 30 deg and 90 deg 
(maximum travel) valves with 
a pressure ratio of p = 0.1. 

Figure 8D illustrates the con- _ 
trol characteristic of two butter- 
fly valves operated in a series- oa 
parallel arrangement (Figure 
8C—see also Figure 4). 8E is 0.40 
an est)mation of the flow 
with actual production valves 0.20 
in a series-parallel arrangement. 
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SLIDE VALVES 


The slide valve has an in- 
herent flow characteristic some- 
what different from that of the 
butterfly. This is shown in 
Figure 9A. The valve’s opera- 
tional characteristic is shown in 
9B. Curves are given for the 
two basic types of slide valves, 
flat face and round face. Of 
the two, the flat face has the 
better inherent flow characteris- 
tic compared with the linear FIG. 9A 
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BARREL VALVES 


Figure 10A shows the area 
characteristic of the barrel valve, 
which operates through two 
pressure losses, contraction and 
expansion, in series. The cal- 
culated equivalent flow area, FIG.10A FIG.10B 
assumed to be the inherent flow 
characteristic, is also given in 
10A. Described in 10B is the 
calculated actual flow charac- 
teristic of this valve for the 
same conditions as in the pre- pee 
vious valve studies. Since it is . characteristic 
difficult to predict flow through ed 
two non-centered orifices in 406 08 10 
series, Figure 10A is only an J 
estimate. 
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POPPET VALVES the size of a particular poppet 


valve under consideration, and 
The poppet valve also con- with its smoothed entrance 
sists of two pressure losses in effects deviated the most from 
series, both of which have the actual flow characteristics 
variable orifice characteristics. of the valve as given in Figure 
In the ideal situation, the flow 1]B. 
area of the poppet is equal to 
the area of the hole when the 
distance from the hole is equal 
to one fourth of the hole di- 
ameter. Area_ characteristic 
(Figure 11A) is plotted as the 
ratio of the peripheral area to 
the area of the hole itself. The 
combined characteristic of the 
two pressure losses results in 
the inherent flow characteristic. 
Results of tests on typical 
poppet valves were evaluated enna hora 
to check the calculated values oR. eee 
shown. Values associated with Travel, *% 
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THE TYPES COMPARED 


For a final comparison, the results from all valves rected by applying the proper amount of differential 
considered are plotted together in Figure 12A to _motion, as is shown in Figures 12C and 12D, through 
show the differences in the inherent flow characteris- cam actuators, linkage actuators, etc. 
tics. ‘The 30 deg butterfly, flat face slide, and barrel — . 
valves have the nearest to linear characteristics. 12B Six Tips on Valve Selection 
illustrates actual flow characteristics for all the These analyses indicate that for a good flow-regu- 
valves. Note the similarity in control characteristics. lating characteristic, the designer must compromise 

None of the valves, however, produces an accept- _— wide-open-position pressure drop. In other words, 
able characteristic in the sample situations dis- valves must be considerably smaller than the duct 
cussed above. But these characteristics can be cor- system in which they are located. The principal 


52 CONTROL ENGINEERING 





exception is a shut-off valve, whose operation cannot 
affect the other controls and parts. The following 
general conclusions are made: 

> There is no broad rule that gives the ideal 
throttling characteristic for a valve, though it is 
obviously desirable to use a valve having a pressure- 
loss coefficient (K) higher over the larger part of its 
travel than that of the system in which it is to be 
used. Conversely, a low K in the full open position 
is desirable to keep pressure lgss at a minimum when 
no throttling effect is wanted. 

> When system resistance is the controlling fac- 
tor, the type of valve used is of only minor import- 
ance in determining the flow- and temperature- 
regulating characteristics. Valve size and applied 
mechanical differential motion are more important. 
A possible exception is the high-recovery venturi- 
type valve. 

> When the valve is the controlling resistance in 
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FIG. 12A - Inherent characteristics 
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FIG. 12C - Inherent combined actuator and volve 


chorocteristics 


a system, differences in the flow-regulating elements 
are important; here a valve with a_near-linear 
inherent flow characteristic is probably the best. 

>The common assumption that the ideal 
throttling valve should have linear area variation with 
displacement is generally incorrect. Rather, it should 
have linear variation in flow with displacement, 
which can be attacked in terms of K variation. 

> Good flow-regulating characteristics represent 
uniform changes in flow or temperature, simultane- 
ously allowing less potential flow, pressure, or tem- 
perature surge. They make it easier to provide stable 
flow, pressure, and temperature controls in a system. 

> ixtensive research is not necessary to provide a 
valve that will perform satisfactorily in a given system. 
Only major variables, such as system resistance and 
wide open valve resistance, need be considered. 
Turn to page 124 for an excellent valve bibliography. 


Ed. 
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FIG.12B - Actual characteristics with system 
resistance 
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FIG. 12D - Actua! combined actuator and valve 
chorocteristics with system resistance 


Nove: Poppet and slide valves are actuated by a three-bar linkage. 
Barrel and butterfly valves are actuated by a four-bar linkage. 
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A Practical Guide 
to Plant Controllability 


PART II 


J. M. L. JANSSEN, Royal Dutch/Shell Laboratory, Delft, Holland 





REVIEW OF PART I: Plant controllability 
is a plant’s potential for high-quality control. 
Several variables affect this potential (i.c., the 
disturbance; the contro] equipment; the plant 
itself). A useful tool for evaluating the effect of 
these variables is the deviation ratio: that factor 
by which automatic control reduces the effect of 
sinusoidal disturbances. In application, devia- 
tion ratio quantitatively compares deviations 
when the controller is inoperative against those 
caused by the same disturbances when the con- 
troller is operating properly. Because deviation 
ratio is defined in terms of sinusoidal dis- 
turbances, it describes the results of control 
in terms of frequency response. 

Generally, deviation ratio values in the low 
frequency zone are small—indicating that feed- 
back control has successfully reduced the effect 
of disturbances. Now, if the deviation ratio 
curves of two different plants—one with and 
one without dead time—are roughly plotted 
over the whole frequency range, their resonant 
peaks may coincide at about the same non- 
dimensional frequency and the deviation ratio 
curves seem to differ very little. However, justi- 
fication for the common belief that dead time 
impairs control is confirmed when the devia- 
tion ratio curve is Closely scrutinized in the low 
frequency zone alone. 

Part I of author Janssen’s discussion offered 
tour fundamental rules for improving a plant’s 


potential for high quality control. In this con- 
cluding section the author elaborates on such 
important points as control of low frequency 
disturbances, the “‘as-if’ disturbance, deviation 
reduction of non-sinusoidal disturbances, and 
actual simulated and in-plant test results, and 
develops four more practical rules: 

1. The greatest reduction in deviation result- 
ing from a disturbance to the process is obtained 
by minimizing the product of the proportional 
band and the reset time. This minimum often 
occurs at a proportional band about five times 
the ultimate proportional band. 

2. “Inverse derivative” action can be used to 
reduce, at low frequencies, the magnitude of the 
deviation resulting from a disturbance. 

3. A step disturbance results in a peak devia 
tion equal to about 1.5 the step amplitude 
divided by the attenuation for a pure sine wave 
of resonance frequency between the point of 
incidence of the disturbance and the point 
where the deviation is measured. 

4. A ramp disturbance results in a peak devia- 
tion value equal to about one-half the rise of 
the disturbance, during one period of oscilla- 
tion at the resonance frequency, divided by the 
attenuation between the point of incidence and 
the point at which the deviation is measured. 
Here, again, the attenuation equals that obtained 
for a pure sine wave of a frequency equal to the 
resonance frequency. 
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FIG. 1. The deviation ratio curve expanded in the low-fre- 
quency range. Plant A has little time lag, while that of Plant 
B is somewhat greater. The lower values of the deviation 
ratio for Plant A show that feedback control aids in the reduc- 
tion of deviations when the plant has little dead time. 


The low frequency zone of the deviation ratios for 
two different plants is shown in Figure 1. The trans- 
fer function of Plant A has one exponential time 
lag of unity time constant cascaded with two lags of 
time constant 1/30, while the transfer function of 
Plant B has an exponential lag of unity time constant 
cascaded 11 times. This large number of cascaded 
time constants in Plant B introduces dead time in 
the plant. The fact that this dead time impairs con- 
trol is verified in Figure 1 by the greater values of 
deviation ratio for Plant B than for Plant A. Smaller 
deviation ratio values mean better reduction of dis- 
turbance by the controller. 

The frequency response curve of an open-loop 
system, Figure 2, indicates that the deviation ratio, 
at low frequencies, is inversely proportional to the 
open-loop gain. Thus, if low-frequency control is the 
important thing, then the open-loop gain should be 
made high. However, the low-frequency gains that 
can be attained from the two processes, Plants A 
and B, clearly show, K in Figure 3, that much higher 
gains obtain from plants without dead time. Here, 
in either case, the gain is inversely proportional to the 
frequency and directly proportional to K: 


Su 


1 . 
low-frequency gain = *K 


ie te 


Figure 3 shows the factor K in terms of the pro- 
portional gain of the controller and the resonance 
frequency, for a peak d.r. value of two (Figure 1, 
Part II, and Figure 3, Part I). Maximum gain occurs 
when the product of proportional band and reset 
time is a minimum. This condition can be met with 
a rather wide proportional-band setting (often about 





FIG. 2. At low frequencies the deviation ratio is inversely 
proportional to the open-loop gain, as shown in the above 
frequency response plot of the open-loop transfer function of 
a typical process and controller system. Thus, for best reduc- 
tion of deviations, a high gain at low frequencies is desirable. 


five times the ultimate proportional band) and a 
short reset time. 

Increased low-frequency gain through the use 
of the so-called “inverse-derivative” action deserves 
attention. The response to a step change for an 
“inverse-derivative” unit appears to have proportional 
plus non-ideal integral action (Figure 4A). This fig 
ure indicates a low-frequency gain of about six. ‘The 
application of this particular “inverse-derivative” unit 
to Plant B reduces deviation significantly, as the 
lower value of deviation ratio in Figure 4B indicates. 
The full improvement by a factor of six would obtain 
for frequencies lower than those shown in the dia- 
gram. 


THE AS-IF DISTURBANCE 


In feedback control, the disturbance itself cannot 
be influenced. Take, for example, the temperature 
control system of Figure 5. Here the temperature 
affects fuel supply only, but not the system through- 
put. Thus, a variation in throughput, with or with- 
out control, presents a very real disturbance, but it 
remains unaffected by control. By dividing both the 
numerator and the denominator of the deviation 
ratio by F:, the direct transfer path (see Figure 1, 
Part I), the deviations with and without control are 
referred back to their causes, namely, the disturb- 
ances. 

This amounts to adopting the attitude of an ob- 
server who does not know that the plant is undc: 
control. When he notices a reduction of the devia- 
tion by, say, a factor of three, he explains this as 
caused by a reduction of the disturbance by the same 
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FIG. 3. For best reduction in deviations (small value of 
deviation ratio) at low frequencies, the factor K should be 
high. Here, K is evaluated in terms of the proportional gain 
of the controller. The higher values of K for Plant A indicate 
the significance of these curves: plants with little dead time 
exhibit lower deviation values because of increased attainable 
gain at low frequencies. 
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FIG. 4. “Inverse-derivative” action, as in the transfer func- 
tion above, contributes to increased gain at low frequencies. 
Therefore, the deviation ratio reduces to a lower value, as 
in 4B. 
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FIG. 5. When a system has a throughput of 1,000 bbls/day 
without control, the resulting deviation is 10 deg. F. However, 
the addition of a temperature controller reduces the deviation 
to 3 deg F. The disturbance (or throughput) then appears 
“as-if” it were only about 300 bbls/day, giving the same 
deviation of 3 deg. F. 


factor. This reduced disturbance is the “as-if” dis- 
turbance. But actually the disturbance has not 
changed at all. 


NON-SINUSOIDAL DISTURBANCES 


The concept of the “as-if” disturbance, while only 
a mental tool, plays an important part in the analysis 
of deviation reduction of non-sinusoidal disturbances. 
When deviations or disturbances are of a non-sinu- 
soidal form, the deviation ratio can still be applied— 
if the frequency components of the non-sinusoidal 
forms are each treated separately. 

For instance, if a step disturbance enters the plant, 
contro] reduces the effect of each frequency com- 
ponent separately through the deviation ratio. Simi- 
larly, each frequency component of a step deviation 
is reduced by the deviation ratio. Consequently, con- 
trol affects a step disturbance and a step deviation in 
exactly the same way. 





Thus the “as-if” disturbance in the first case has 
the same form as the deviation with control in the 
second case: this form is the familiar oscillatory re- 
sponse seen on the chart of a recorder-controller 
after a sudden set-point change. 

This oscillatory response can be used as a start- 
ing point for finding a simple relationship for pre- 
dicting (if only approximately) at least the peak 
height of the deviation resulting from either a step 
or a ramp disturbance. ‘The graphical representations 
of these disturbances and their resulting deviations 
analyze these relationships in the following sections. 


Step Disturbance 


The “as-if” disturbance transfers to the controlled 
variable as if there were no control. Figure 6A 
shows a step-disturbance, the “as-if” disturbance, and 
the resulting deviation. On the path from its point 
of incidence to the controlled variable the “as-if” 
disturbance undergoes an attenuation. This attenua- 
tion must be roughly equal to the attenuation along 
this path for a pure sine wave of a frequency that 
practically equals the resonance frequency. This same 
idea, stated another way, results in the following 
tule: 

> The ratio between the magnitude of a step dis- 

turbance and the peak value of the resulting 
deviation is “roughly equal” to the attenuation 


of a sine wave of resonance frequency between 
the point of incidence of the disturbance and the 
controlled variable. 

“Roughly equal” can be specified more exactly. 
For step disturbances to the manipulated variable 
and for rather tight controller settings “roughly 
equal” means “about 1.5 times less”. However, Fig- 
ure 7 shows a more exact factor (8) for Plants A and 
B as determined by the proportional band and the 
reset rate.’ * 

In the above examples the disturbance works at 
the plant input. If the disturbance affects the con- 
trolled variable along a path with less time lag, then 
the @ factor will be less than 1.5; in the extreme case 
of no time lag, 8 equals unity. On the other hand, 
if the disturbance affects the controlled variable along 
a path with much longer time lags than those of the 
plant, the value 8 becomes rather uncertain. 


Ramp Disturbances 


The analysis of a ramp disturbance stems directly 
from the step disturbance. A ramp (constant rate) 
change is simply the integral of the step change; 
therefore, the integral of the effect of the step dis- 
turbance equals the effect of a ramp disturbance. Fig- 
ure 6B shows the ramp disturbance obtained from 
Figure 6A, and the resulting integrated effects. 

In control systems incorporating one integration, 
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FIG. 6. Curves in Figure 6A show a step disturbance applied to a plant, the 
“as-if” disturbance, and the resulting deviation. The effects of a ramp disturbance 
(Figure 6B) derive from the integration of the effects of the step disturbance. 
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FIG. 7. More exact values for 8 in Figure 6A result from 
Figure 7A. Here 8 depends not only on the dead time of the 
process, but also on the peak value of the deviation ratio. The 
proportional gain of the controller, in turn, very strongly influ- 
ences this peak value. In Figure 7A there is no reset action, 
but 7B shows the effect of reset rate on the 8 factor when the 
peak value of the deviation ratio remains constant at the con- 
ditions used in the overall discussion—namely, a value of two. 


“STEP DISTURBANCE 


the “as-if’” disturbance settles down, after a few 
oscillations, to a constant value, u. This value is pro- 
portional to the rate of change of the disturbance, 
t/P,.. The factor K in Figure 6B is the same param- 
eter that determines the low-frequency part of the 
deviation ratio (see Figure 3). 

Perhaps the peak value, v, of the “as-if” disturb- 
ance, resulting from a ramp disturbance, gives more 
information. In practice, the ramp disturbance will 
not continue to rise, so that the “as-if” disturbance 
goes back to zero (because of reduced slope of dis- 
turbance) instead of remaining at a constant value. 
The peak height, which can be expressed graphically, 
as in Figure 6B, also characterizes the resulting 
deviation, as shown in this figure. However, this 
value is rather uncertain, and the coefficient 0.5 
should be taken with a grain of salt. 


COMPUTER AND IN-PLANT RESULTS 


An electronic process-control simulator, developed 
in the Royal Dutch/Shell Laboratory, facilitates 
investigating the effect of controller-setting. This 
analog computer easily overcomes the slow response 
usual in many industrial processes by simulating equi- 
valent responses on a reduced time scale. Thus, a vast 
amount of experience can be accumulated in a short 
time. The simulator contains several fixed processes 
as well as a delay line synthesizer to introduce adjust- 
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FIG. 8. Deviations resulting from step and ramp disturbances, obtained with an electronic 
process-control simulator, show some of the possible effects for plants. In these tests both the 
plants and the controller actions were simulated on the computer to expedite information gather- 
ing. Vertical marks indicate calculated peak heights per calculations in Figure 6. 
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FIG. 9. These photographs show the results of actual in-plant tests taken on the pressure control 
system of a pilot-plant distilling column. Step, sinusoidal, and ramp disturbances upset the heat 
input. The “as-if” disturbance came from actual change in the valve pressure and the deviations 
show how the controller corrected the effects of the disturbance. Time scale: one period of the 
sine wave (middle group) equals about 28 sec. 


able plant responses. Additional circuits also 
simulate the various controller actions. 

Figure 8 reveals typical computer responses to dis- 
turbances applied to two simulated processes, one 
with little dead time (Plant A) and one with much 
more dead time (Plant B). Of particular interest 
are the effects of “inverse derivative” action on the 
resulting deviations and disturbances. 

Results of actual in-plant tests are shown in the 
photographs in Figure 9. Here the responses result 
from disturbances applied (by means of an adding 
relay) to the heat input of the pressure control sys- 
tem of a pilot-plant distilling column. The actual 


change in valve pressure represents the “as-if” dis- 
turbance. The fact that the period of the sinusoidal 
“as-if” disturbance equals 28 sec gives some idea of 
the time scale involved in these measurements. 
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STILL MORE ON PROCESS CONTROL ANALYSIS 


Mr. Janssen’s article and others in the past (i.e., Paynter, Reswick, 
Reynolds) on plant-process control have brought enthusiastic calls for 
In response the editors are planning two new series: 
> Starting in the next issue will be the first of a group of articles by Taylor 
Instrument Cos. authors on the techniques of process control analysis. 
To be covered: computing process dynamics; controlling modes; cascade 


PA four-part discussion by John Dobson on the control of fractionating 
columns will start early in 1956. This will be one of the first published 
studies of the control dynamics of a unit chemical process. 
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BASIC DIGITAL SERIES 


Digital Computers Need 


LOGICAL DESIGN 


ELDRED NELSON, The Ramo-Wooldridge Corp. 


THE GIST: Programmed automatic operation constitutes one of the most 
important features of digital computers. In such computers discrete 
electrical signals control the sequence of arithmetic and logical oper- 
ations. These control signals, recorded in digital memory devices, cause 
the computer to automatically perform one computational step after 
another. Changing the recorded control signals changes the problem. 

Thus, only the finite capacity of the memory devices and the time 
available limit the computation that can be programmed in terms of the 
elementary operations of the computer. If its elementary operations 
include addition, subtraction, multiplication, and division, plus a few 
logical and memory transfer operations, it performs practically any 
computation and is known as the “general purpose computer”. 

In digital computers for general purpose tasks, the signals, circuits, 
and memories involved have these six basic properties: 


1. Discrete electric signals represent numbers, alphabetical charac- 
ters, punctuation marks, etc. 

2. Switching circuits perform arithmetic operations on these signals, 
and such logical operations as comparing two numbers. 

3. Other signals, similar to those representing numbers, control the 
switching circuits. 

4. These control signals can be interpreted numerically, in the same 
manner as those signals that represent numbers. 

5. Digital memory devices store discrete electrical signals; these 
signals can then be read back at a later time. 

6. The digital information stored in the memory devices develops, in 
turn, discrete control signals. It is this principle that permits automatic 
operation of digital computers. 


60 CONTROL ENGINEERING 





FIG. 1. Block diagram of digital 
computer reveals basic operations 
within the computer. The arith- 
metic unit performs arithmetic and 
logical operations. The control unit 
generates discrete electrical signals 
that specify the order of operations 
for the arithmetic unit. And the 
digital memory device stores num- 
bers and control] instructions. 


In automatic programmed computers, a digital 
memory device sends control instructions to the 
control unit, which interprets these instructions and 
generates other signals that control the operation of 
the arithmetic unit. Figure 1 shows the functional 
block diagram of a computer in terms of these three 
units: 
> The arithmetic unit, which through its switching 
circuits, performs arithmetic and logical operations 
in any order 
> The control unit, which generates discrete elec- 
trical signals that specify the order of operations for 
the arithmetic unit 
P The digital memory device, which stores numbers 
and control instructions 


DIGITAL COMPUTER SIGNALS 


The discrete nature of the signals appears in the 
discrete changes in voltage level that take place at 
discrete intervals of time. A timing or “clock” signal 
defines the intervals within which a digital interpre- 
tation is put on the waveform characteristics of the 
computer signals. 

Most digital computers use signals having two 
waveform states. Hence, the digital interpretation 
of these signals involves the assignment of the 
binary digits 0 and | to these states. Actually, a 
sequence of binary digits represents the logical 
properties of digital computers. A typical sequence 
of digits is shown in Figure 2. 

Rules are required for the interpretation of signal 
digits. For instance, in Figure 2, the sequence of 
signals may be interpreted in the straight binary 
system or in a coded binary system. In the first case, 
each signal digit stands for a digit of a binary num- 
ber and thus the number combination becomes 
01100101. However, in the case of a binary-coded 
decimal, each binary group of four signal digits 


Arithmetic 


OTe] ahi ge) 
Unit 


Jrut 


represents a decimal digit. ‘Therefore, under the 
rules of binary-coded decimal numbers, this same 
sequence of signals results in the decimal value 65— 
of these signals involves the assignment of the 

The use of symbols, such as A, B, v, etc., to de- 
note these signals is the basis of mathematical 
expressions for the logical properties of digital com- 
puters. Each such symbol denotes a signal and is 
called a “signal variable”. The signal variable takes 
on the value ] when the signal it represents has the 
value 1; and it takes on the value 0 when the signal 
has the value 0. This signal variable contains all of 
the logical properties of the signal that it represents. 

Here, the time variation of the signal can be in- 
cluded in the representation of the signal variable. 
For instance, changes in the signals occur at times 


Signal digits 
Pulse signal 








a Voltage state signal 


LU 


Time 





Clock signal 
































Computer Signals 


FIG. 2. Binary numbers used in digital computers are repre- 
sented by two-state voltage pulse signals. Under the influence 
of a clock signal the pulse digits convert to high or low volt- 
ages equivalent to binary 1 or 0. ‘Thus, a binary number is 
represented by a sequence of voltages in time. 
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t,, te, ts . . . .. where these times are discrete inter- 
vals as defined by the clock signals. Thus, A; denotes 
the value of the signal variable A in the time interval 
following t,, Az in the time interval following t,, and, 
in general, A, in the time interval following tp. 


SWITCHING CIRCUITS 


A class of circuits, called switching circuits, per- 
forms the actual computations in a digital com- 
puter. They operate on the discrete electrical sig- 
nals representing numbers to produce new discrete 
signals that may be interpreted as the numerical 
result of the arithmetic operation. Some of the 
switching circuits are the inverting amplifier, the 
and gate, the or gate, the flip-flop, the binary adder, 
and a circuit for the comparison of two numbers. 


Inverting Amplifier Gives 
Complement Function 


One of the simplest switching circuits is the in- 
verting amplifier, shown in Figure 3. The heart of 
this circuit is a triode vacuum tube. The cathode 
is grounded, while a resistance R connects the plate 
to a positive potential, V,. The signal A is applied 
to the grid and a signal F results at the plate. Signal 
A has two states—a potential near ground and a 
negative potential beyond the tube cutoff potential. 
Here, the higher potential (ground) is assigned the 
logical digit value 1, and the lower value (cutoff) is 
assigned the value 0. 

As a result of the above circuit connection and 
arbitrary assignment of the input values, the output 
F must also have two signal states. But these values 
now are the inverse of the input signal at the grid: 
when the tube is cut off (A equals 0) F equals 1, 
and when the tube is conducting (A equals 1) F 
equals 0. 


FIG. 3. The inverting amplifier develops, 
at the output, the complement of the in- 
put signal. Therefore, if the voltage at A 
is high, then the voltage at F is low. 
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Mathematically, a function of A relates F to A. 
If the circuits required are for the moment neglected, 
one sees there are only four ways in which the 
function values 0 and | can be assigned to the values 
0 and 1 of the single variable, A (Table 1): 

TABLE 1 
A Fi F? Fs Ff 


0 0 0 1 l 





1 | 0 1 0 l 
These functions are very simple. Function F° 
obtained from the circuit of the inverting amplifier 
carries the name complement and the symbol A 
because of its extreme importance to logical design. 


The And Gate Circuit 


Two simple switching circuits illustrate the prop- 
erties of functions of two variables, A and B. The 
first of these, the diode and gate, is shown in Figure 
4. Here, the anodes of two diodes are connected, 
first together and then through a resistor R to a 
positive potential V,. Input signals A and B are 
applied to the cathodes of the diodes. The digit 
values 0 and | correspond to the potential values 
E, and E,, where E, is the higher value. Then V, 
is chosen to be higher than E,;. Thus the output 
signal C equals a potential near to the lower of the 
potentials of signals A and B. ‘Table 2 relates signal 
variable C to input variables A and B. 


TABLE 2 
A B | C 


0 0 


0 
0 1 0 
0 


1 0 
1 








FIG. 4. The AND gate circuit 
develops the product of the 
two binary input signals, A and B, 
or C equals A-B. 





Note from this table that output C may be writ- 
ten as the product of the signal variables A and B, 
or C equals AB. ‘This algebraic notation retains 
the properties of multiplication, and results from the 
common anode connection of the diodes. 


The Or Gate Circuit 


Figure 5 shows another simple switching circuit, 
the or gate. In this case the cathodes of the diodes 
are connected, first together and then through a 
resistor R to a potential Vy. Signals A and B are 
applied to the anodes of the diodes, and digit values 
0 and 1 correspond to potentials E, and E;. Vo is 
less than E,, so that the output signal C has a poten- 
tial near to the higher of the potentials of signals A 
and B. Table 3 relates the signal variable C to the 
input signals A and B. 


TABLE 3 
A Bit 


This function of A and B is denoted by A + B, or C 
equals A plus B. 


The Flip-Flop Circuit 


The flip-flop switching circuit has this character- 
istic: its output signal depends on its input signal 
during the preceding time interval. This feature also 
gives it the attribute of memory. The flip-flop has 
two inputs which may be denoted by J, and K,, and 
two complementary outputs—O, and O,. Table 4 
shows the functional relationship of these signal 
variables. 


TABLE 4 


' Qn-1 
The algebraic form of the tabular arrangement is: 


Qn = In—1Kn1Qn—1 + JnKn-s + JnKnQn- 
KyQn-1 + InaQn-1 

Here the simpler form of the equation was 
obtained through Boolean algebra, which is used 
extensively in logical design. Note that the equa- 
tion is a difference equation in the time variable n, 
and expresses O, in terms of values of signal 
variables in the preceding time interval. This is 
characteristic of computer elements that can carry 
over a signal from one time interval to the next. 











ar: 


FIG. 5. The OR gate circuit develops the 
sum of the two binary input signals, A and B. 


The Binary Adder 


The operation of the binary adder illustrates how 
computer algebra can be used to design the logical 
properties of switching circuits composed of flip-flops 
and gates. Let A, and B,, be signal variables repre 
senting the numbers to be added. Then the rules 
for binary addition are shown in Table 5. 

TABLE 5 
B, } 


Here, S, is the signal variable representing the 
sum digit, and C, the signal variable representing 
the carry digit that arises when the binary sum 
exceeds 1. The algebraic form for Table 5 becomes 

S, = An* Bn + An‘ Bn 
and 
C, = A,’ B, 

Figure 6 shows the diode network that realizes the 
adding operations of the above equations. If A, 
and B, come from flip-flops O,’ and QO,*, then the 
two signal variables A, and B,, and their comple- 
ments A, and B,, are available at the input termi- 
nals. 

However, the binary adder developed so far is not 
complete, for it does not take into account the 
handling of the carry digit C,. This carry digit 
must be stored until the next digit time, assuming 
the computer operates serially on the signals. An- 
other flip-flop, O,*, accomplishes the storage of the 
carry digit; here C, connects to the inputs of this 
flip-flop. Then the inputs relate to the original 
digits to be added as follows: 

J, = C, = A,° B, 

K,? = C, n+ Ba 

Also the previous carry C,., must be added to S,, 
where C,,., is determined from the following 
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Qn? = Ki1Qn1 + Jn-1'Qn—1 = Cr-1Qn-1 + Cu-1Qn—1 = Cr-1 
‘Then the correct binary sum and carry are: 
Sy = S, " Q,' a S,! ‘ Q,,3 
C,' = S,) + Q,* 


The Comparison of Two Numbers 


The performance of switching circuits extends 
beyond arithmetic operations on discrete electrical 
signals. ‘hese extra operations are called logical. 
‘The comparison of two numbers is an example. 

To illustrate this, let the computer be a serial 
computer and let the signal variables A, and B, 
represent the two numbers to be compared. The 
comparison proceeds serially, digit by digit, starting 
with the least significant digit. ‘Thus, at each digit 
time, the circuit compares the corresponding digits 
of the two numbers. 

The signal variable C, equals A,B, will have the 
value | if the current digit of A is larger than the 
current digit of B; it will have the value 0 if the two 
digits are equal or if the digit of B is greater. Dur- 
ing the first time interval the signal furnishes the 
results of the comparison for one digit number. 
During the second digit time there is needed, in 
addition to C,, the result of the comparison during 
the preceding interval. 

Once again the memory feature of the flip-flop 
serves to advantage. Here, input signals to QO, are 

Jn = Cn = An’ By 

K, = A, By 
Then the flip-flop signal O, indicates the result of 
the comparison as of the preceding digit time. Note 
that if the digits A, and B, are equal, the state of the 
flip-flop is not changed. 


CONTROL OF SWITCHING CIRCUITS 


The start and stop of arithmetic and logical opera- 








Cy 


Ba 








FIG. 6. This is the basic circuit for adding binary numbers. 
By adding a flip-flop circuit to the terminal C,, the carry digit 
is handled automatically. 
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tions can be effected by other discrete electrical 
signals. ‘These signals control the operation of 
switching circuits. For instance, the stopping of a 
computer operation is accomplished by. forcing a 
key signal of this operation to take on a specified 
value. Thus, signal variables, say F,, and K,, repre- 
sent the signal to be controlled and the control 
signal. 

Then, in the new signal variable, 

G, = F,* Ka 
formed from F,, and K,, G,, has the value 0 whenever 
the control signal K, has the value 0, and it has the 
value F,, whenever K,, has the value 1. Incidentally, 
this procedure applies to the comparison device 
previously discussed. 

Altering the input signals J, and K, with a con- 
trol signal, say R,, accomplishes the control of the 
comparison circuit. 

J, = R,° Ay r Ba 

| & = R,:A,° B, 
Then the comparison flip-flop receives input signals 
that can change the state of the circuit only during 
the time that the control signal has the value 1. 
When R,, becomes 0, the comparison ceases and the 
flip-flop O, indicates the result of the comparison. 

In general, the computing unit of a digital com- 
puter performs several processes, and the control 
problem, therefore, is to select the particular process 
to be performed. Control signals, one for each opera- 
tion, control the switching circuits that perform the 
operations. Thus, the control signal for a particular 
operation will have the value 1 when that operation 
is to be performed and 0 otherwise. 

A set of N control signals can be generated from 
a smaller number of signals. For instance, eight 
control signals develop from three flip-flops (Q’, O*, 
and O*) feeding into triple and gates. 

R . Q@ - Q3 
R -@-Q 
Rk? . (}? . @ 
R . Q . Q 
Rs . @? . Q 
Rs ‘ Q? ‘ Q° 
Rs -Q?-Q3 
R' = Q'-Q-Q3 

Each of the signals R/ has the value 1 only for one 
combination of the values of O', O?, and O*. For 
example, the signal R*, which is formed from signals 
QO", O?, and O* by means of and gates, has the value 
1 only when QO? is 0, Q? is 1, and Q® is 0. For all 
other values of 01, O*, and O°, R? has the value 0. 
These values of the flip-flop signal variables may be 
interpreted as digits of a binary number. The result- 
ing numbers identify the control signals and the 
operations that these signals control. 

The control numbers, when represented in the 
computer by discrete electrical signals, form the 
control signals for the operations to which they 
correspond. The list of control numbers, together 
with an identifying description, is called the “order 
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“command code” of 
“instruction code” is 


code”, “instruction code” or 
the computer. The term 
preferred. 


DIGITAL MEMORY DEVICES 


Many types of memory devices are used in digital 
computers. Some of these include: 
P acoustic delay lines, in which the storage of 
information consists of recirculating pulses of sound 
P storage tubes, in which the information resides in 
the charge state of a dielectric material 
P magnetic tapes, magnetic cores, and magnetic 
drums, in which information is stored in the 
magnetic charge of the material 

Each of these devices contains characteristics sub- 
ject to logical interpretation and use in computers. 
The phy sical properties of storage devices will be dis- 
cussed in greater detail in a subsequent article in this 
series; only their logical properties will be con- 
sidered at this time. The magnetic drum and the 
magnetic core, to be used as examples here, will be 
treated in this light. 


The Magnetic Drum 


A magnetic drum consists of a rotating cylinder 
coated with a permanent magnetic material. The 
state of magnetization of the material records the 
discrete electrical signals. Thus, for binary signals, 
only the two easily obtainable magnetization states 


need be used: saturation in one direction designates 


the binary digit 0, and saturation in the other 
direction designates the binary digit 1. 

A magnetic head transducer records the computer 
signals by converting electrical signals into magnetic 
fields. The magnetic field saturates a small region 
of the drum during an elementary computer time. 
This small region is the recording space for one 
binary digit. The symbol M,/ denotes the value of 
the digit recorded in this space. Here, the super- 
script j stands for the channel of the magnetic drum 
that is under consideration. The subscript n, an 
integer, defines the region of the channel. If the 
channel provides recording space for N binary digits, 
n extends from 0 to N-1. 

The subscript n of the magnetic signal variable 
M,,/ may be put into correspondence with the sub- 
scripts of the signal variables of the switching circuits. 
Thus, in one case the subscript denotes the time, 
while in the other case it denotes the region in 
which the digit is recorded. However, since the time 
for the magnetic head to scan the region determines 
the extent of the region, the two subscripts can be 
identified if the regions of the magnetic drum 
channel are numbered so that the zero position 
passes the recording head at zero time. In addition, 
the subscript of the magnetic signal variable must 
be defined for n greater than N and less than zero— 
according to the following equation: 


M,! = M,_ni 


This equation holds only when new recording of 
signals is not taking place. 

The recording of the signal A, takes place under 
control of the signal W,. ‘Then the relationship of 
M,/ and A,, is defined by the equation: 


M,i = Wa* An + Wa’ Ma_ni 
This fundamental equation of the recording action 
of the magnetic drum is a difference equation in 
time, a characteristic of all memory devices. 

The magnetic head serially scans the digits in one 
channel of the drum; but a drum usually has several 
channels and these may be scanned in parallel. 


Magnetic Cores 


An array of magnetic cores comprises another 
magnetic memory device. Here, each tiny magnetic 
core stores a signal corresponding to one binary 
digit. These cores connect together by wires that 
carry the electrical signals needed for recording or 
reading out the digital information. Because each 
magnetic core of the array is always accessible 
through these wires, the array serves as a particu- 
larly useful parallel access memory device. 


PROGRAMMED AUTOMATIC 
DIGITAL COMPUTERS 


For a computer to operate automatically, its 
control unit flip-flops must automatically change to 
a new instruction upon completion of the preceding 
computing operation. The instructions stored in the 
digital memory devices accomplish this easily, and 
when the flip- flops have changed their states, the 
arithmetic unit performs the new operation. 

Each instruction specifies the nature of the opera- 
tion to be performed (addition or multiplication, or a 
logical operation), where the numbers are to be 
found in the memory (that is, their memory 
addresses), and the memory address of the next 
instruction. Some of these memory addresses may be 
implied. The memory address scheme used in the 
instruction code classifies a computer. 

A “single address” computer refers explicitly 
only to the memory address of one number. The 
other number used in the operation is assumed to 
have been placed previously into the arithmetic unit, 
and the instruction for the next operation is assumed 
to be located adjacent to the current instruction. 

Although most of the digital computers that have 
been designed and built are general purpose com- 
puters, their instruction codes differ. The nature of 
these codes determines the types of problems they 
can handle efficiently. For instance, computers 
designed for scientific and engineering computation 
use codes that emphasize arithmetic operations, and 
those for processing business data use codes that 
emphasize data rearrangement and handling of 
alphabetical data. 
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ELDRED NELSON 


Sixteen years after getting his BA in Physics from St. Olaf 
College in Minnesota, and 12 years after receiving his PhD in 
Theoretical Physics from the University of California at 
Berkeley, Dr. Eldred C. Nelson came to the Ramo-Wooldridge 
Corp. as associate director of its Computer Systems Div. Of 
those last 12 years, between 1942 and 1954, six were spent with 
Hughes Aircraft Co. as senior staff physicist, head of the Com- 
puter Systems Dept., head of the Advanced Electronics Labora- 
tory, and associate director of Research & Development Labora- 
tories. He remained at the university for about a year after 
receiving his doctorate to work in the Radiation Laboratory 
and instruct in physics, and in 1943 went to the Los Alamos 
Laboratory at Santa Fe, N. M., as group leader in the Theoreti- 
cal Physics Div. This was followed by teaching stints at several 
universities and a year as a partner in a consulting firm. 
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the newcomer to control 
the not-too-technical man 
the expert who needs a refresher 
a review of feedback principles shows . . . 


How Stabilization 
Improves 


Closed-Loop Operation 


GARETH M. DAVIDSON and LUTHER NASHMAN, 
American Bosch Arma Corp., Arma Div. 


With closed-loop theory and practice ad- 
vancing at such a rapid pace, details often 
overshadow basics. This prompted CON- 
TROL ENGINEERING to ask the authors for 
an article explaining the fundamental con- 
cepts of closed-loop control. Starting out 
with a non-mathematical review of stability, 
damping, and error, the article then lays 
the foundation, with a discussion of a posi- 
tional servo, for a mathematical description 
of control systems. But the focal point of the 
article is stabilization. The following, all linked 
to this technique, are covered in this issue: 
detecting unstable systems by the frequency 
response method, correcting instability, and 
transient response. In a future article the 
authors will detail the techniques and cir- 
cuits of stabilizing networks. 


A closed-loop system automatically maintains its 
output equal to (or proportional to) its input. To 
accomplish this, an instantaneous output signal is 
fed back and compared with the desired input 
signal; any difference (error) existing between these 
signals drives the output until the error reduces to 


zero. A simple electromechanical closed-loop 
arrangement, shown in Figure 1, denotes input and 
output, amplifier, output actuator, negative feed 
back path, and comparator. 

The basic operation has been simply stated. What 
must also be considered, however, are the relation 
ships between kinetic (moving) and potential 
(stored) energy, and frictional forces. These play 
important parts in the dynamic performance of 
closed-loop systems. ‘Three important and _ inter 
related factors concerning performance are: 


> Stability 
> Damping 
> Error 


STABILITY 


A system is stable if the output responding to a 
sustained input change ultimately steadies to a con- 
stant value. However, dynamic relationships be- 
tween physical components may cause “lags” in the 
feedback path. When a lag is great enough, the 
feedback signal becomes positive, and if of sufficient 
magnitude, causes instability. ‘Then, the output con- 
tinuously oscillates in an uncontrolled manner, or 
drives to a limit and stays there. Unstable equip- 
ment is of little practical value. Therefore, it is 
essential that systems be designed and tested for 
stability. If an existing physical system, or one being 
designed, is unstable, corrective measures can provide 
stability. How to detect and eliminate instability 
will be the main concern here. 
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FIG. 1. A simple electromechanical closed-loop system in- 
cludes the basic elements found in single-loop arrangements. 
Each of the elements (blocks) has a transfer function that 
specifies the output to input ratio. When the loop is closed, 
at x, the negative feedback signal helps the output closely fol- 
low the input command. : 


Step change 











es od 


FIG. 2. When a step change (heavy lines) disturbs the input, 
the output will have a response in the time domain similar to 
one of the three curves. Whether the output is critically 
damped (1), underdamped (2), or overdamped (3), depends 
on the relationship of the physical parameters of the system. 
This relationship is called the relative damping factor, C. 


DAMPING 


If the system is stable, then its physical damping 
determines how fast, after being subjected to a step- 
change input, the output approaches its final value. 
Figure 2 shows three curves that represent relative 
degrees of damping. As will be seen later, relative 
damping, C, can be computed from the system 
parameters: friction, inertia, and gain. Usually the 
desired amount of damping may be obtained by 
adjusting the effective friction in the system. 

Curve 1 shows critical damping (C=1.0). The 
output approaches its final value in the shortest 
time without overshooting. When C is less than 
1.0 (Curve 2) the system is underdamped ard 
overshooting occurs, subsequently settling down to 
the final value. In engineering practice one or more 
overshoots are permissible, as the overall effect is 
to make the output reach the final value (as 
demanded by the input value) in the shortest time. 
At C greater than 1.0 (Curve 3) the system is over- 
damped, and the error between the input and the 
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output exists for a longer time than in either of 
the other cases. 

In the special case of C equal to zero the system is 
absolutely unstable, and continuously oscillates at 
its undamped resonant frequency. ‘Thus stability 
and damping are closely related. Although it is true, 
as will be shown mathematically, that increasing 
the relative damping improves stability, a criterion 
of a well-designed servo system is satisfactory stability 
without excessive damping. 


ERROR 


Error is the difference between input and output. 
Besides electrical and mechanical steady state errors 
in the components of the system, there is the error 
that arises from the dynamic operation of a closed 
loop system. 

As an example of dynamic error, consider an 
electromechanical servo system designed to have 
the output follow the position of the input. If the 
input rotates at constant velocity, then in tending 
to make the output position correspond with the 
input, the output must also rotate at the same 
velocity. This requires power delivered to the out- 
put member, and that power is developed by apply- 
ing a voltage to the input terminals of the amplifier. 
But the only way such a voltage can develop is 
from a difference, or error, between the input and 
output positions. The amount the output must lag 
behind the input is the error. It is proportional 
to velocity of rotation and to frictional forces, but 
inversely proportional to system gain. 

It has been pointed out that damping, and there 
fore stability, depends on the frictional forces in the 
system. Since velocity error increases with friction, 
the problem is to introduce sufficient effective fric- 
tion to assure stability and adequate damping, but 
not to increase the error. Fortunately, there are 
techniques to accomplish this. They, too, will be 
treated in a subsequent article. 


BASIC MATHEMATICS 


The preceding sections gave a word-picture of 
the physical operation of closed-loop systems. A 
mathematical portrait, however, facilitates better 
understanding, introduces techniques and termino- 
logy, and establishes basic relationships. A rela 
tively simple system serves as an example. 

A single-loop, closed-loop, positional servo is shown 
in Figure 1. Its function is to have an output 
position follow any arbitrary change in an input 
position. Each block in the system represents a 
physical device and is denoted by a symbol, such as 
K, G, H, etc.; the symbols designate transfer func- 
tions—the ratio of output signal to input signal. 
Transfer functions will be discussed after deriving 
the closed-loop equation. 

The transfer functions in Figure 1 are: 





6.Ka (la) 
ViG (1b) 
6H (1c) 
= 0; — OF (1d) 
By combinirg the four basic equations, the closed- 
loop transfer function is derived: 
6, =1ViG =f0,.K.G = K.G(6; — 6,) 
= K,G(6; — 0H) = K.G0@;— K.GH®@, 
Collecting terms containing ®, to the left side of 
the equation, 
6, + K.GH®#, K,G6 
6,11 + KGH) K,G6;' 
and finally 
4, 
6 1+K,.GH (2) 


The plus sign of Equation 2 means that the 


feedback signal is opposite in polarity to the input 
signal, which gives stabilizing negative feedback. 


Transfer Functions 


Equation 2 has been derived in terms of symbolic 
transfer functions: K, G, and H. However, each 
transfer function has a physical meaning. ‘Two, 
K, and G of Figure 1, will be derived. 

The transfer function of the amplifier is the ratio 
of its output voltage to its input voltage. It is 
symbolized by K,, a constant factor that does not 
vary with frequency of interest of the input signal. 
Therefore 
V; 

5 

where ©, is the error signal (volts) and V, the out- 
put signal of the amplifier (volts). V; is also the 
input to the motor. 

The motor transfer function is more complex 
because it includes motor and load inertia (J) and 
friction (F). Actually, elastance should also be con- 
sidered, but it can be assumed negligible in this 
case and set equal to zero. By setting the torque de- 
veloped by the input voltage, V;, equal to inertia 
and friction at the output, the transfer function, G, 
is obtained. 


K,= 


T=K,.V; =Ja+Fwo, (3) 
where K, torque constant of motor 
w, = angular velocity, the rate of change of @,, the 
angular position 
a = angular acceleration, or rate of change of w, 
F = viscous friction of load, plus inherent damping 
in motor 


Because position, ®,, is the output of interest, , and 
a must be stated in terms of @,: 


6, ent a a6, 
dt oe a 


Ya = 


In an operational method, such as Laplace transform 


d @ sisal a al hada 1 
“7% qe 7% and incidentally, ff ...dt = uff 


..dtdt = 1/st These expressions are true for quiescent 
conditions. ‘That is, there is no stored energy: all 
parts are at rest. Mathematically, this is known as 
initial conditions zero. 


By using s, Equation 3 can be handled in alge- 

braic form. Rewriting the equation in terms of s, 
K.V; = J3*6, + Fs0, = 3(Js + F)6, 

The transfer function of the motor (angle of rota- 

tion per volt input) is: 

6. K 

Ve = s(Js f F) 

Assuming H equals 1, the case for direct feedback, 

the closed-loop transfer function is, therefore: 
0 (= KG) - K/J__ 
A. 1+ KG 3? + (F/J)s + K/J 
where K = K, K,. 

The denominator of Equation 4 contains the 
pertinent information regarding stability and damp- 
ing of the system. This information may be ob- 
tained either in the time-domain or in the frequency- 
domain. Although in different frames of reference, 
the two domains are related by the Laplace trans- 
formation. Both are useful in representing the 
behavior of closed-loop systems. Both the frequency- 
domain and the time-domain will be discussed as 
separate entities, with some physical correlation 
uniting the two domains. Laplace transformation 
is discussed in a separate section. 


TIME DOMAIN 


Investigation of the denominator of Equation 4 
helps reveal the response in the time domain. The 
denominator, set equal to zero, is called the charac- 
teristic equation, and its roots, using the Laplace 
transform, determine the possible transient modes. 
That is, whether the output will be critically 
damped, underdamped (damped oscillations), or 
overdamped. 

The two roots of s? + (F/J)s + K/J = 0 are 
found by the quadratic formula: 


G(s) = 


(4) 


Th, % = 


—F/J + (F/J) — 4K/J 
9 
FP VF? — 4KJ 


a +: 5 (5) 


The denominator of Equation 4 can be put in more 
suitable form, relating the response to the relative 
damping factor, C, and the undamped resonant fre- 
quency, wp»: 
8? + 2Cw.s + w.2 = 0 

ila 
2VKJ 

The three modes of response depend on the mag- 
nitude of F? compared with 4KJ. Shown in Table 
1 are the possible root combinations of Equation 6, 
and corresponding graphs in time (functions of 
relative damping, C). The output curves are in 
response to a unit step change input, and are ob- 
tained by the inverse Laplace transform. 

If the order, n, of the characteristic equation 
(s* + a, s*! + a, = 0) is higher than 2, 
determining the n roots becomes more involved and 


where WW. = VK/J and (6) 
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LAPLACE TRANSFORMATION Transform Pairs 


Conversion from time domain to frequency do- ‘(s [0 
main is made by the Laplace transform, and con 
versely, from frequency domain to time domain by 3 oii 
inverse transformation. The Laplace transform is 
defined by 
F(s) AL(t) 

where F(s) is a function of s 

s equals jw, for steady-state conditions 

£ means the transform integral, and 

f(t) is a function of time. 


F(s) = £f() = f(t)e** di 
0 


7) = ~ + ,-at . - ATS: ‘ . 
me exponential — —- 1 ’ — fre In the case of critical damping, C = 1, the char- 
quently in nature. 1e transform here is acteristic equation is 


COs wt 


8 l 


—(sta tdi o 1 
F (s) = . = 7 = 
(s T wo )(s 7 wel) 


and f(t) = tee" 


Chis curve is plotted in Table 1. 
In dealing with a transfer function in terms of 
F(s), the time domain input signal, f(t), must also 
= be converted to its F(s). For instance, a unit step 
change input has f(t)=1. Converting by the 
The transform can then be set up in a table: Laplace transform gives F(s) = s. 


S+a S+a 











TABLE 1 


ROOTS © TRANSIENT RESPONSE 
s*+ 2CW9 stWp*=0 TO UNIT STEP CHANGE 


OVE RDAMPED 


TM OL 





UNDERDAMPED 





CRITICALLY 
DAMPED 
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often exceedingly difficult. Since systems operate 
over a period of time, their performance in the 
time-domain (transient response) becomes the final 
criterion. When the feedback loop of a stable sys- 
tem has been closed (x in Figure 1) transient tests 
are made by introducing an input disturbance (sig- 
nal) and observing the output response. One of 
the common input signals is the step change, as 
shown in Table 1. 


FREQUENCY RESPONSE 


However, analysis in the frequency domain gives 
information about stability not readily obtained 
from the time domain. Frequency analysis proce- 
dures are easier to handle and aid in synthesis of 
corrective networks. ‘The big advantage of the fre- 
quency response method is that stability information 
can be obtained directly from the open loop trans 
fer function, KGH. 

Let H again equal 1. For the previous case: 
K.K; 

KG(s) = s(Js + F) 


If T,,=J/F and K,, 


(7) 
K,/I’, Equation 7 becomes 

KoKn _ 
8(T ms + 1) 
For frequency analysis, s becomes jw where o is the 
input signal frequency. ‘lherefore, 

KeKm 

jo(Tnjw + 1) 

Equation 8 is a function of frequency, o, and 
at each frequency can be represented by a vector; 
that is, it has a magnitude and phase angle. The 
loci of the tips of the vectors, as w goes from zero to 
infnity, are plotted on polar coordinate paper. 

Nyquist’s stability criterion (for single-loop sys- 
tems) states that if the loci contour encloses the 
point 17 — 180 deg, the system is unstable. Con- 
versely, if the point is not enclosed, the system is 
stable. In the stable case, the greater the distance 
between the curve and the point, the greater will be 
the margin of stability of the closed-loop system. 
Both a stable and an unstable system are plotted 
in Figure 3. Phase margin and gain margin measure 
relative stability. 


KG(s) = (7a) 


KG(jw) = (8) 


Phase Margin and Gain Margin 


Phase margin is the angular difference between 
the 180 deg axis and the angle at which the magni- 
tude of the KG (jw) equals unity. This angle is 
taken as negative when measured clockwise from 
the zero deg axis. Therefore, stable systems will have 
a positive phase margin, unstable systems, zero or 
negative phase margins. As a general rule, the 
greater the positive phase margin of the open-loop 
transfer function the greater the system’s stability. 

As evidenced by Figure 3, as gain increases, so 
does the tendency toward instability. The relative 


° 


\ 
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N 
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. 
Real axis 





-90° 


FIG. 3. Typical Nyquist plots of an open-loop transfer func- 
tion, KG, useful in determining the relative stability of a 
closed-loop system. Because the system is third-order (at high 
frequency), the curves asymptotically approach the minus 270 
deg axis as the magnitude falls to zero. Curve 1 represents a 
stable system—it does not enclose the 17 — 180 deg point. 
Curve 2 shows instability—it encloses the point. Phase margin 
(PM) and gain margin (GM) show relative stability—both are 
positive. However, when gain increases, they become negative 
and the system is unstable. 
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FIG. 4. Nyquist plot of the positional servo discussed in the 
text and represented by Equation 8. Since the system is 
second-order the curve approaches the minus 180 deg axis, and 
no amount of increased gain can cause the contour to enclose 


the 1/7 — 180 deg point. 


/maginary 
(ja) axis 
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-90° 


FIG. 5. Contour of open-loop transfer function encloses 
1 / — 180 deg point—the system is unstable. However, with a 
corrective network, effective in the region of frequencies from 
wz to wy, the contour of the system reshapes so as not to 
enclose the point and stability is assured. 
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treedom from instability is measured by the gain 
margin. This latter is the difference between a 
unit vector (gain equals unity) and the output 
vector magnitude of the open-loop transfer function 
as it passes through the minus 180 deg axis. A 
stable system will have this output magnitude less 
than unity. Gain margin indicates how much the 
gain can be increased before sustained oscillations 
take place. If the gain (Curve | in Figure 3) were 
made to exceed unity, as in Curve 2, the system 
would become unstable. ) 


The polar plots in Figure 3 do not represent 
the positional servo system previously discussed. 
Figure 4 typifies the open-loop response of this 
system. It will be noted that this mathematical 


system can never become unstable—no amount of 
increased gain can cause the contour to encircle the 
12 — 180 deg point. 

In Figure 3 the contour asymptotically approaches 
the minus 270 deg axis as w reaches infinity. The 
contour of the positional servo, Figure 4, approaches 
minus 180 deg as approaches infinity. ‘The reason 








CONSTRUCTION 
OF BODE DIAGRAMS 


The advantages of Bode diagrams in the fre- 
quency domain are: 
> Transfer functions can be approximated by 
straight line segments. The segments are asymptotic 
to the actual response. 
> The diagram can be constructed by inspection of 
the factored form of the transfer function, as in 
Equation 8. Each term has line segments. 
> The overall function can be obtained by adding 


FIG. 6. Bode diagram of the open-loop transfer function, 
KG, shows magnitude and phase shift of the individual terms 
in the function. Adding the individual line segments produces 
the composite response for KG (heavy lines). Solid lines indi- 
cate approximate (asymptotic) response of the terms while 
the dashed lines represent the true response. 


¢ 


separately the magnitudes and the phase shifts of 
the individual functions. 

The magnitudes are plotted on log-log graph 
paper, and the phase shifts on linear coordinates 
against log frequency. 

Consider the term (1 + jwT). The magnitude 
and phase shift at any w can be found by trigono- 
metric solution of a right triangle. Magnitude equals 


(12 + (w7’)?}? and 


the phase shift equals 


arctan 





When oT equals unity magnitude equals 1.414 
(3 db) and the phase shift equals 45 deg. The 
frequency at which wT equals unity is called the 
“break” frequency. 

For simplicity, the term may be approximated by 
two line segments that are asymptotes of the actual 
magnitude. Below the break frequency the line is 
horizontal; above, it rises at 20 db/decade. A 
decade is a ten to one ratio of frequency. The phase 
shift is zero deg at w equals zero, plus 45 deg at 
the break frequency, and plus 90 deg at infinite a. 

Terms of the form 


1 
1+ jwT 
can be handled in a similar matter, but are inverse. 
That is, the phase shifts are negative and the mag- 
nitude falls off at minus 20 db/decade. Plotted in 
Figure 6 are the individual magnitudes and phase 
shifts of the terms in transfer function: 





K(1 + jwT:) 
jo(l + jwT)) 

The phase shift of the overall transfer function of 
Figure 6 approaches minus 90 deg at high . There 
fore, the closed loop system cannot be unstable. 
However, added transfer functions containing jw 
terms in the denominator may cause instability. 

Since transfer functions are represented by 
straight line segments, the correcting functions can 
also be represented this way. Segments designating 
corrective networks or devices, or shifts to indicate 
change gain, are added to the overall transfer func- 
tion so that the modified function is stable. The 
frequency range, w, to w,, in which the correction is 
required, can be easily determined from the plot. 


KG = where 7; > 72 
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for this difference is that the open-loop transfer 
function for Figure 4 has two jw terms in its denomi- 
nator, while that for Figure 3 has three jw terms: 
1 
jo +joT)( + joT) 

When a system is accurately analyzed mathe- 
matically, its performance can be predicted. How- 
ever, the physical components of systems frequently 
include phenomena such as short time lags and 
non-linearities, that may be difficult to determine, 
and rigorous description of a system in terms of 
accurate transfer functions becomes burdensome. 
These effects have been omitted from the transfer 
function in the present case. Seemingly trivial, when 
combined they increase the complexity and order 
of the physical system. Thus the positional servo 
is mathematically stable in terms of assumed transfer 
functions only. Actually, this system might be third- 
or fourth-order, making it potentially unstable. 


CORRECTING UNSTABLE SYSTEMS 


The open-loop transfer function, plotted as 
vector loci on polar coordinate graph paper, indi 
cates instability when the contour encloses the 
I, 180 deg point. Obviously, if the feedback loop 
were closed, the system would be unusable. 

Therefore, it becomes necessary to correct, or 
reshape, the contour. A third-order unstable system 
is shown by heavy lines in Figure 5. A reshaped 
locus, assuring stability, is indicated by dashed lines. 
Both the phase margin and the gain margin are now 
positive. 

Reshaping the contour can be accomplished in 
several ways. Basically, correction consists of modify- 
ing the open-loop transfer function, KGH, in the 
region wx to wy (Figure 5). Correction can be made 
on individual transfer functions in these ways: 


» Reduce the gain, K,. This allows KGH to 
retain the same shape, but shrinks the contour. 

> Modify the physical parameters of the G trans 
fer function; for example, increase the friction 
coefficient, F. This is shown by dashed line 
in Figure 5. 

> Introduce a new transfer function, K,G,, hav 
ing a frequency response between o, and o, 
that corrects the overall 


KGHK,G,. 


loop response of 


Corrective action is usually a compromise. For 
instance, if K, is reduced, the usable output power, 
or torque, is also reduced. If G or H are modified, 
then K, may have to be increased to compensate 
for consequent loss in the corrective network. 


BODE DIAGRAM 


The Bode diagram makes it easier to study the 
combination of new or modified transfer functions, 
and their overall effect. Involved is simply a dif- 
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FIG. 7. As the relative damping factor C, increases, the phase 
margin also increases. Therefore, the heavier the damping the 
greater the stability. 


ferent set of coordinates, which represent another 
way of plotting the frequency response characteris- 
tics of individual blocks. (See box.) 


IMPROVED DAMPING 


After a servo has been designed and proved stable, 
the real criterion is its response to sudden disturb- 
ances at the input (and output). The response 
depends on the relative damping factor, C, where 


, 


F — —— ; 
—- and F is the viscous friction coefficient. 
2VKJ 


If the response is not suitably damped for the 
application, adjustment in C can be made by 
varying F, the friction coefficient. 

Frictional forces are of three kinds: static, 
coulomb, or viscous. Static friction is a discontinu- 
ous force. It is independent of the output force 
until this force reaches sufficient magnitude to 
“break” the static friction. Coulomb friction is 
constant. Viscous friction is proportional to 
velocity of the output member. Here the frictional 
force equals Fw,, as in the positional servo. 

A change in C to improve damping also affects 
the contour in the frequency domain. If the trans- 
fer function of Equation 7 is plotted in terms of 
increasing C, Figure 7 results. As C increases, the 
system becomes more damped in the time-domain, 
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FIG. 8. Addition of a subsidiary feedback loop gives signal 
proportional to velocity of output position. The new open- 
loop transfer function, Equation 9, shows how the effective 
friction increases with this method of improving damping. 
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FIG. 9. Adding error-rate damping in the through loop results 
in new transfer function, Equation 10, which gives increased 
damping without increasing velocity error. 


with the phase margin also increasing. ‘Therefore, 
the heavier the damping, the greater the stability. 

Mechanical viscous friction, such as a dashpot, 
has several shortcomings, particularly when more is 
required to obtain desired damping: it wastes power 
and increases velocity error. Electrical devices 
increase the effective coefficient of friction, but not 
the wasted power. 

One way to improve damping is by feeding back 
a voltage, H,, proportional to the velocity of the 
output ‘Member r. The path of this valtage is distinct 
from the direct feedback path. Here H; becomes 
K.jo and the new open-loop transfer function is: 
oe K.K; 

EG,Ge) = jojo + F’) 
where F’{= F + K2K.K; 

This increases the effective friction without increas- 
ing the energy dissipation of the system. However, 
it also increases the velocity error. Figure 8 shows 
the new feedback arrangement. 

To improve stability and damping, but to mini- 
mize velocity error, another scheme may be used. 
Error-rate damping, Figure 9, introduces a voltage, 
K,G,, shunted by a direct feedback path, in the 
through loop of the system. K,G, (or K,jo) 
produces a voltage proportional to the rate of 
change of the difference @,—®,. Mathematically, 


(9) 
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this results in a new open-loop transfer function 
(1+ Kijw)(KoK) 

jwWjw + F) 

Note there is now a jw term in the numerator. 
With the introduction of this “phase lead”, the 
overall “phase lag” decreases and the phase margin 
of the servo increases (improving stability and damp- 
ing) without any corresponding increase in velocity 
error. 


KG = (10) 


CORRELATING FREQUENCY AND TIME 


The closed-loop _ transfer 
examined in the time domain. 
which determines 
frequency domain. 


function has been 
And the open-loop, 
closed-loop operation, in the 
It may be assumed, therefore, 
that some correlation exists between the two 
domains. ‘They are related by the relative damp- 
ing factor, C, and the undamped resonant fre 
QUENCY, wp. 

Figure 10 shows the amplitude of the closed 
loop transfer function plotted against 
for various values of C. ‘The peak value for each 
curve equals —~ us and occurs at frequency 

2Cv1 —C? 

Wn V1 — 2C2. wo, is the damped natural resonant 
frequency. Since the closed-loop response and the 
relative damping both depend on C, the curves indi- 
cate typical responses to transient input. A peak 
amplitude of 1.2 to 1.6 in the closed-loop frequency 
response generally provides satisfactory speed of 
response and overshoot in the time domain. 


REFERENCE 


This is by no means an extensive treatment of the theory and 
practice of closed-loop control. If your appetite has been 
whetted by this non-rigorous condensation, read Prof. T. J. Hig- 
gins’s excellent source articles, “Basic Books For Your Control 
Engineering Library”, in Control Engineering: “Industrial Process 
Control”, November, 1954, and “Servomechanisms’, December, 
1954. 
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FIG. 10. The relative damping factor also affects the magni- 
tude of response of a closed loop system. Thus, peak magni- 
tude and time-domain responses have some correlation. 
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IDEAS AT WORK 





Computers Team with Nuclear Gages 
to Control a Paper Saturating Process 


The picture at the right shows 
most of the essentials of a new, 
progress-packed industrial con- 
trol system. Installed in Form- 
ica Co.’s plant in Cincinnati, 
it regulates the impregnation 
of kraft paper with phenolic 
resin to within 1 per cent by 
weight. Involved: two beta 
ray weight gages and two 
analog computers cascaded to 
bring in coating weight per 
cent and average weight 
across the sheet. 


By J. D. COCHRANE, JR., and 
LOUIS STAUBITZ, Formica Co., 
and W. E. VAN HORNE, 
Industrial Nucleonics Corp. 


Simple, special-purpose analog 
computors have an assured future in 
process control—particularly in cases 
where product characteristics that 
can not be measured directly must be 
computed from measurements of two 
or more dependent variables. This 
situation is common in the paper 
converting field, where coatings or 
saturants are added to paper. The 
object is to control the weight of the 
coating or saturant applied, regardless 
of variations in the basis weight of 
the paper. While it is impossible to 
measure the weight of coating alone, 
it is possible to gage the weight of 
the uncoated paper and the weight 
of the coated paper. A two-variable 
computer can then subtract uncoated 
from coated weight for absolute magni- 
tude of coating. Or the one variable 
can be divided by the other for ratio of 
coating to total weight. 


THE SPECIFIC PROBLEM 
At the Formica plant in Cincin- 


nati, the process to be controlled is 
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Input end of the treater. In the center the sheet is passing through the beta ray 
scanner. Recording, computing, controlling, and monitoring units are in the console. 


the impregnation of kraft paper with 
phenolic resin. This paper is later 
cut into sheets, laminated in several 
thicknesses with a decorative top 
sheet or “liner”, and cured in the 
press to form Formica laminated 
plastics. For good lamination, the 
percentage of resin weight t« total 
weight must be controlled precisely: 
insufficient resin means improper 
bonding, too much resin means edge 
flow in the press and an inferior pro 
duct. 

In Formica’s impregnators, paper 
is unrolled and passed first through a 
“dip tank” full of liquid resin, then 
through scraper bars where the excess 
is wiped off. The longer it is immersed, 
the more resin it absorbs. 

The biggest problem in controlling 
an impregnator is the fibrous quality 
of the paper, a non-homogeneous mate- 
tial. The basis weight and absorbency 
of paper can vary along the length of 
the roll as well as across the sheet. 
These variations must be compensated 
for by positioning the dip roll. 

To achieve true feedback control 
of a saturater, then, it is necessary to 
continuously measure resin percent- 
age in the treated paper, and in such 
a way that side to side variations are 


averaged out. This measurement is 
used to actuate an automatic con- 
troller that drives a motor to raise 
or lower the roll, as required. 


ELEMENTS OF THE CONTROL SYSTEM 


A system to do the complete con- 
trol job was designed and built for 
Formica by The Industrial Nucleonics 
Corp. The basic measurements are 
made by two of this company’s beta 
ray gages—the isotope sources being 
mounted below the sheet and the de- 
tectors above. To show profile weight 
across the sheet, the gages are made 
to scan continuously from side to 
side. The scanning drive starts the 
unit at one edge and moves slowly 
across the sheet. At the opposite side 
of the paper the gages shut off and 
return at high speed to start the cycle 
again. Hence the profile shown on 
the recorder chart is always drawn in 
the same direction. 

In operation the scanning drives 
are synchronized so that both gages 
are at the same distance from the 
edge at all times. Signals are taken 
from the two recorder pens and fed 
into an analog computer to secure 
ratio of resin weight to total weight 
and record this on a second strip 





chart. The mathematical function is 
described as: 


X 
100% 


Where: Z is the resin ratio in per cent; 
X is the total weight of the treated 
stock; Y is the untreated paper weight. 
While the computer recorder 
boldly shows percentage of resin in 
the sheet at each point across the 
web, this is not enough to allow con- 
tinuous control. Another computa- 
tion must be made for average ratio, 
since the dip roll, of course, affects 
impregnation across the entire sheet. 
An integrating computer averages 
the resin ratio across each scan cycle. 
If this average is not at the control 
point, the electronic controller pro- 
portionately signals a motor, which 
then drives the dip roll to a new posi- 
tion. Since in this installation the 
transportation lag through the oven is 
much less than the scan time, the 
controller can act at the end of each 
scan cycle. If the lag were greater, it 
would be necessary to de-energize the 
controller long enough to permit each 
correction to be felt at the dry end be- 
fore another correction is initiated. 
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THE CONTROL SYSTEM: In the block diagram the first gage measures the, weight 
of the dry, untreated paper as it comes from the reel. The second gage measures the 
total weight of the impregnated sheet, which includes both paper and resin. The two 
weights are recorded side by side on a two-pen recorder. The measured information also 
feeds into the ratic compute: and the resultant point-to-point ratio is averaged by an 
integrating computer, which supplies the control signal through an electronic controller. 
Tied in monitor and safety circuits throw the system into manual if elements fail. 
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INTERPRETING THE CHART RECORD 


Above is a reproduction of recorder charts taken at the end of caused by the difference in paper characteristics can be seen. 
one roll of paper and the beginning of the next. The trace. on The first roll has good profile and it displays excellent absorb- 
the left of the dual chart shows the basis weight of the un- ency characteristics. The second roll, however, is significantly 
treated paper. The single recorder chart shows the percentage heavier, and is characterized by two heavy streaks, one on each 
of resin. Each scan cycle can be identified by the short vertical side of the center of the sheet. In spite of the upset, it can 
line drawn by the pens as the gages are shut off between the be seen that the automatic controller maintained the average 
end of one scan and the start of another. The serious upset resin within tolerance. 
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ANTI-PARALLAX 


| MAXIVISION 


is yours in this 


new thermometer 








Now you can read temperatures right at the process with 
the same ease, accuracy and economy as pressure readings. 
The Anti-Parallax Maxivision Dial on this new all stain- 
less steel American Bi-Metal Thermometer assures these 
important advantages. The large, easy-to-read black fig- 
ures and graduations are carried on a raised ring set close 
to the glass, with pointer at the same level. Parallax error 
is practically eliminated. 
With this new thermometer in service, field operators can 
eliminate frequent trips to the control house to observe 
process changes. Indoors or outdoors, this fine, all stain- 
less steel American instrument is truly climate-proof. 
Because the case is only 3” in diameter, the thermometer 
fits where space is limited. Ample clearance behind the 
case makes installation easy and fast with a small wrench. 
Read the specification highlights, then get full details about 
this new high-accuracy American Bi-Metal Thermometer. 
PHONE your Industrial Supply Distributor for 
prompt attention to your needs. He is 
Rx always ready to help keep your pro- 
es duction going by making fast delivery 
from local stocks. 


AMERICAN :  —. 


TRADE MARK 





sare A product of MANNING, MAXWELL & MOORE, INC. 
IM 


SPECIFICATIONS 


New AMERICAN ALL-STAINLESS 
STEEL BI-METAL THERMOMETER 


with ANTI-PARALLAX MAXIVISION DIAL 


Dial: Exclusive anti-parallax Maxivision dial, with scale ap- 
proximately 6” long. Pointer set at same level as scale 


Climate-Proof Case: All stainless steel. 3” diameter. 
Threaded bezel. Selected clear, extra-heavy cover glass. 
Heat-resistant gaskets between glass and case seal the 
thermometer against rain, frost, sand, dust, fumes—climate- 
proof. 


Temperature Ranges: From minus 80° to plus 1000° F. 
Accuracy within 1% of range. 


Low-Mass Bi-Metal Coil: Welded to stem plug. Accurately 
centered in stem. Non-freezing, non-corrosive silicone fluid 
on coil dampens vibration, accelerates heat transfer, speeds 
response; does not gum, resists capillary action. 

Pointer: index type. Easily accessible from front of dial 
for positive adjustment over entire range. Pointer shaft 
guided by friction-free bearings. 


Stem: 18-8 stainless steel, mirror polished. All joints welded. 
Resists corrosion. Provides strong, rigid and tight closure 
against process pressures. Lengths: 242” to 24”. 
Connection: Fixed, 12” N. P. T. 

Separable Sockets: Available for use in closed systems or 


where measured medium is corrosive to the stainless steel 
stem. Fit over all standard stem lengths except 212”. 
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5 MAKERS OF ‘ASHCROFT’ GAUGES, ‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, ‘CONSOLIDATED’ 


STRATFORD, CONNECTICUT 


SAFETY AND RELIEF VALVES, Stratford, Conn. HANCOCK VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY RELIEF 
VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. ‘‘SHAW-BOX” 
AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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IDEAS AT WORK 


TWO IDEAS FOR USERS OF CONTACTOR SERVOS: 


1. “Make” Contactor Servos 


Many engineers shy away from contactor servos because of the severe 
practical limitations of contact life, radio noise, large dead area, 


and excessive arcing at the contacts. 


Here’s a circuit for an ac 


contactor servo which eliminates most of these undesirable limitations. 
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FIG. 1 Ac contactor servo nulls on contact “make” rather 
than “break”. At null, both sides of motor field are grounded. 


Off null, current flows through a 


D. V. SPRIGGS, Servomechanisms, Inc. 


The input data to a contactor servo 
is a mechanical shaft rotation that 
unbalances the null or zero error con- 
dition. When the servo unbalances, 
the control motor drives until the 
output shaft rotation equals the input 
shaft rotation. The details of how the 
mechanical shafts are arranged de- 
pends upon the application. 

Figure 1 shows a schematic for an 
ac contactor servo that controls one 
phase of a two-phase motor. The cir- 
cuit illustrates the null condition 
when the stationary contact shorts 
both position contactors. A command 
input shaft rotation displaces the 
position contactors from the null posi- 
tion, unshorting one of the output 
contactors from ground potential. 
This action switches a capacitor in 
series with the control motor winding 
and causes an ac current to flow in 
one direction through the motor 
winding. Ifthe stationary contact con- 
tacts the other position contactor 


series 





FIG. 2 


capacitor. 


only, a capacitor is again in series 
with the control motor winding and 


an ac current flows in the opposite di- 


rection through the motor winding. 
Proper wiring of the control motor 
winding and selection of capacitors 
will cause the control motor to run in 
a direction towards the null position. 


SOME ADVANTAGES 


The “make” switching operation 
that occurs when the servo approaches 
null improves the more common 
“break” for the following reasons: 
There is never a condition when an 
inductive current is broken, because 
the control motor winding is shorted 
when the motor stops. A_ small 
arc takes place when the stationary 
contact leaves one position contactor, 
but it will be much less than the arc 
produced by opening a series-reson 
ated capacitor and motor winding. 
This reduced arc increases contact life 
and decreases radio noise interference 
compared to other contactor circuits. 

When the servo reaches the null 


Mechanical 
servo described here. Second contact, adjustable 
about 180 deg point, can control dead space. 


Position 
contactors 


Section A-A 


Internal connection 
between slip ring 


a 
4 and segment 











design of contactor for 


condition, the control motor winding 
is shorted. This produces some 
dynamic braking, reducing the coast- 
ing distance of the motor armature. 
Any decrease in coasting distance of 
the motor armature increases the 
theoretical accuracy of the servo by 
allowing a smaller dead area (area at 
null where an input shaft rotation 
will not cause the motor to operate). 
lhe braking action also improves the 
stability for a given dead area. 

The circuit of Figure 1 is particu- 
larly suited to ac motors with unbal- 
anced windings. The winding draw- 
ing the most current can be perma- 
nently connected across the line. Thus 
the higher impedance winding can be 
controlled by the contactors, decreas- 
ing the size of the tuning capacitors 
and the current controlled by the con- 
tacts to increase contact life. 

Figure 2 shows the mechanical de- 
tails of one possible application of the 
circuit. The unit has three silver slip 
rings and mating contact. One slip 
ring is cut into two equal segments 
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.. mow Univac’s speed is doubled! 


The famous Univac® of Remington 
Rand has widened still further its lead 
over other electronic business comput- 
ing systems. Univac is still the only 
eompletely self-checked system... the 
only one which can read, write, and 
compute simultaneously without extra 
equipment. And now, the Univac II 
adds to these superior features the speed 
of a magnetic-core memory. 

‘The Remington Rand magnetic-core 


ELECTRONIC COMPUTER DEPARTMENT 


memory is more than a laboratory 
promise. It has been in actual customer 
use for over a year, passing all tests 
with flying colors in the first commer- 
cially available electronic computer to 
use core storage successfully. 

Univac’s internal memory capacity 
has also been doubled, giving instanta- 
neous access to 24,000 alpha-numeric 
characters. If needed, this can be fur- 
ther increased to 120,000 characters. 


DIVISION OF SPERRY RAND CORPORATION 
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Univac’s external memory—magnetic 
tape—now has greater capacity, too, in- 
creasing input and output to 20,000 
characters per second .. 
reading or writing every character on 


. equivalent to 


this page over 1,000 times a minute. 

These new Remington Rand devel- 
opments can be incorporated into any 
existing Univac installation to double 
its speed of operation and to increase 
still further its proved economies. 


Fland ROOM 2235, 315 FOURTH AVENUE, NEW YORK 10, N. Y. 





electrically isolated from each other. 
Internal silver strips connect the seg- 
ments to their respective uncut slip 
rings. Care must be taken to remove 
the burrs from the edge of the cut or 
the contact life may be reduced. 


DEAD SPACE CONTROL 


The stationary contact controlling 
the servo is curved opposite to that of 
the segment (A-A, Figure 2). This 
technique allows for a very small dead 
area because the dead area is a func- 
tion of the overlap between the posi- 
tion contactors and the stationary 
contact. If more dead area is required 
for stability, an additional stationary 
contact, electrically isolated, may be 
added 180 deg away from the first 


contact and aligned slightly off center. 
Thus dead area can be increased with- 
out hand filing each contactor. 

In applying this circuit with stand- 
ard servomotors and standard supply 
voltages, care must be taken with the 
circuit values. In a_ series-resonated 
circuit where the voltage across the 
reactive components 1s 90 deg out of 
phase with the line, the actual value 
of this reactive voltage equals the line 
voltage times the O of the circuit 
(which now is the motor winding Q). 
The QO of the motor winding in a 
servomotor is usually slightly greater 
than unity, which may cause the 
actual voltage across the motor wind- 
ing to be higher than the design 
value. This condition can be remedied 


IDEAS AT WORK 


by adding a resistor in series with the 
contactor arm to ground, decreasing 
the circuit Q and thus decreasing the 
voltage across the motor winding. De- 
tailed analysis of the circuit indicates 
that for a purely reactive component 
of voltage across the motor winding 
with respect to the excitation voltage, 
and balanced motor torque: 


, + 2R 
Q 
reactance of tuning capaci- 
tor C 
Q = Q of the motor winding 
4 inductive reactance of the 
motor winding 
ac resistance of the motor 
winding 
= resistance of added resistor, 
if required 


where Xc 


2. Lower Static Error in Contactor Servos 


Contactor servos have advantages in simplicity and inexpensive power 


amplification over proportional servos. A special function potentiom- 
eter can add the virtues of proportional action in the dead space. 


In a conventional contactor servo, 
current is supplied by the error- 
sensing contacts to one side or the 
other of a split motor field or to one 
or the other of oppositely rotated 
electric clutches. See column A in 
Figure 2. In such a servo the error 
must exceed the contact spacing be- 
fore motor current can flow. And 
then, full motor current is applied 
suddenly. The gap length and, there- 
fore, the servo’s dead space are gen- 
erally determined by servo accuracy 
requir ments, and are limited on the 
low end by load inertia and friction 
and other damping in the system. 
[his system can come to rest any- 
where in the dead space and can have 
a static position error up to half the 
gap length. 

In the case of a contactor servo 
where the error is electrical and a 
relay is used for the contactor, the 
relay can be “dithered” by feedback 
or external injection at a frequency 
relatively high compared to signal 
frequencies. The motor integrates 
the effect of the dither frequency, and 
if opposite relay contacts close for 
equal times, it centers in the gap. The 
error signal is added to the dither 
signal to cause the relay to spend 
more time on one contact than the 
other. Thus, the dead space in a con- 
tactor servo can be proportionalized 


to eliminate _ static position error. 

To use the same technique in a 
mechanical contactor where 
the outside contacts are on the load 
shaft and the center contact is the 
input (a simpler setup than the elec- 
trical), the dither would have to be 
introduced mechanically on the input 
shaft. This is not convenient and is 
probably impractical. 

\ better idea is to use a special 
potentiometer in place of the con 
tactor. ‘This potentiometer should 
have the output function shown in 
Figure 1 (one is commercially avail 
able from Computer Instruments 
Corp.). Electrically, it remains at one 
end or the other of its range except 
for three degrees (mechanically) in 
the center where a linear resistance 
change of up to 10,000 ohms takes 
place. The ends of this three-degree 
segment act like the gap in the 
ordinary contactor. The linear resist 
ance change in between means pro 
portional servo action within this 
“gap”, Figure 2B. 

Some small static error still remains 
due to the torque necessary to over- 
come static friction in the potentiom- 
eter. Because this torque is about 
0.1 in.-oz and the stalled motor 
torque can be 2 to 4 in.-oz, the sys- 
tem’s torque amplification is 20- or 
40-to-1. 


servo, 





100 


Output Excitation 
(Percent) 





° 


Rotation 


FIG. 1 Output vs. shaft rotation for poten- 
tiometer to replace contactor in mechanical 
input contactor servo. 


Response 


(B) 


FIG. 2 Circuit, current vs. error, and re- 
sponse for (A) conventional contactor 
servo, and (B) special potentiometer (con- 
tactor) servo. 
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Type 9 motor-driven induction generator driving 
two Type 11CT synchros through gear train 
having ratio of 1500:1. Slip clutch operates to 
permit one control transformer to be rotated when 
second control transformer has shaft restrained 
by stops. Cams close 2 switches during specified 
degrees of synchro rotation. 


big control problem...small servo solution 


Despite its small size and extreme compactness, this Transicoil plug-in 
servo assembly always “does the job right’. That’s because it was espe- 
cially designed for a single application . . . by a company whose major 
function is solving individual servo control problems with complete, 
precisely engineered and manufactured servo assemblies. 


Of course, if you just want servo components, Transicoil can provide 
them to the highest order of precision and accuracy. But it is in the 
“nackage”’ engineering of unique assemblies that Transicoil’s experience 
and creative imagination offer the greatest value. And in most cases, 
these assemblies cost no more than the individual components would pur- 
chased separately. Check your next servo problem with Transicoil first. 
You'll find it pays —in precision, in space, and in economy. Ask for the 
new availability guide for precision gear motors at the same time. 


CORPORATION 
Worcester « Montgomery County * Pennsylvania 
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Verifier Prints Out 
Patchcord Locations 


The managers of large electronic computing facilities 
have learned that the greatest single source of error is the 
human operator. This knowledge has led to efforts in two 
directions: to relieve the human operator of many routine 
tasks, and to check these tasks after they have been com- 
pleted. The verifier described here is a result of the latter 
effort. It is applicable to computers whose operational 
elements are interconnected on a detachable plugboard by 
means of patchcords, the plugboard being removed from the 
computer for wiring and checking. The verifier catches errors 
in patching, tracks down non-conducting patchcords (broken 
wires, high contact resistance, cold soldered joints), and 
through a printed record of its patchboard connections, 
“stores” problems for future runs. 


eee kek a 


) 


WOLFGANG G. BRAUN and 


L. MILTON WARSHAWSKY 


Wright Air Development Center, Ohio 


The basic idea of a plugboard veri- 
fier is simple. It rapidly scans the 
wired plugboard and prints pairs of 
numbers. These numbers indicate 
those pairs of pins that are connected 
by patchcords. 


THE CODING SYSTEM 


This report is based on the develop- 
ment of a prototype verifier at work 
on REAC plugboards. Actually, this 


Columns 
e345 6 























FIG. 1. 


Plugboard of computer for which verifier was built. 


particular board, with its 528 pins, is 
not large enough to warrant such a 
device. But boards with 1,500 to 
3,000 pins can really put it to good 
use. 

The REAC board is composed of 
24 Winchester plugs, arranged in six 
columns four plugs deep. Each plug 
has 22 pins (Figure 1). 

A four-digit code identifies the 
pins. The first two digits represent 
the plug number by row and column, 
the third and fourth digits the pin 
number. Thus, the first digit will 
read 1, 2, 3, or 4, the second digit 1, 
2, 3, 4, 5, or 6, the third digit 0, 1, 


4, 9, 


+ 


oo 


:| 


eoo0000c00000 


Patchcord 
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eoo0o0000090 
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Indirectly connected 


fo each pin on 
plugboard --~~ 


or 2 and the fourth digit any number 
between 0 and 9. For example, an 
entry on the printed list of 

2413 1502 
means that pin number 13 on the plug 
in the second row, fourth column is 
connected to pin number 2 on the 
plug in the first row, fifth column. 


THE SCANNING OPERATION 


A wired plugboard is placed on the 
patchbay of the verifier (identical to 
the patchbay of a REAC), a button is 
pushed, and the scanning action 
starts. ‘This operation’ energizes one 
pin at a time, in consecutive order, 


Pin No. lines (22) 
14 16 Etc. 
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FIG. 2. Rectifier matrix used for detection of patchcords. 
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North American’s Missile and Control Departments Offer 


ELECTRONIC ENGINEERS CAREERS IN GUIDANCE AND CONTROLS 


NORTH AMERICAN’S MISSILE AND CONTROL DEPARTMENTS, 
pioneers and leaders in all phases of guided missile 
design and development, offer you new opportunity. 
Prime contractor for the NAVAHO SM-64 Intercon- 
tinental Guided Missile, North American has unusually 
challenging positions open for experienced electronic 
engineers in guidance and control developments. 


Your big advantage is that you begin by drawing 
on the empirical data produced by North American’s 
Missile and Control research pioneering—and you have 
freedom of expression while developing your own ideas. 
You'll use the finest equipment—work with world- 
recognized engineers and scientists. North American’s 
unique engineering organizational techniques—plus our 
liberal Patent and Suggestion Award programs—assure 
- you recognition and reward. 





SPECIAL OPPORTUNITIES: 


COMPUTER ENGINEERS + ELECTRONICS ENGINEERS 
FLIGHT CONTROL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 
NAVIGATION SYSTEMS ENGINEERS 
COMPUTER PROGRAMMERS—MATHEMATICIANS & ENGINEERS 
FIRE CONTROL SYSTEM ENGINEERS 
INSTRUMENTATION ENGINEERS 
ELECTRONIC COMPONENTS EVALUATION 
ELECTRICAL DESIGN ENGINEERS 
SYSTEMS ANALYSTS * STANDARDS ENGINEERS 


Write Today for More Information: 
ENGINEERING PERSONNEL OFFICE 
MR. D. S. GRANT, 
NORTH AMERICAN’S MISSILE & CONTROL DEPARTMENTS 





DEPT. 91-20CE DOWNEY, CALIF. 





ENGINEERING AHEAD FOR A BETTER TOMORROW 


Norrts American Aviation. INC. 


* TRADEMARK 
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with a positive test voltage from a pair 
of stepping switches. One switch is 
associated with the 24 plugs, the 
other selecting pins of one plug. 

If a patchcord is encountered as the 
individual pins are scanned, the test 
vo tage will appear at some other pin. 
When this happens, the scanning 
stops until the addresses of the two 
pins involved are stored in the key- 
board of the printer. Then, while the 
printing cycle takes place, the scan- 
ning is resumed. Only if the next 
patchcord is found before the printer 
is clear again, does the scanning wait 
for the completion of the printing 
cycle, which takes about halfa second. 


RECTIFIER MATRIX SPOTS PINS 

The test voltage, which is applied 
to a pin through a patchcord (there- 
fore a patchcord connection) is de- 
tected by a matrix of rectifiers (Figure 
2). Two voltages will appear for that 
connection, one on a line identifying 
the plug number (33 in the figure) 
and the other on a pin number line 
(14 in the figure). Continuity is in- 
dicated immediately, as are the “coor- 
dinates” of the pin contacted. Selen- 
ium rectifiers can be used. 

It is necessary to disconnect each 
pin in turn from the rectifier matrix 
and energize it with the test voltage. 


™_ ™ 
Rectifier motrix 


Pin step———> A 


switch 


After the pin has been scanned it is 
not reconnected to the _ rectifier 
matrix, thus avoiding the double 
printing of each patchcord. 


THE RELAY MATRIX 


This switching is performed by 
double pole double throw relays 
having two separate windings, one of 
which, when energized, pulls in the 
armature, while the other, when ener- 
gized, holds it in. The circuit for 
these relays is shown in Figure 3. 

There are 23 (22 plus one drop-out) 
relays per plug, or a total of 552 in the 
verifier. In Figure 3, relay 21 is pulled 
in as its pull-in coil is energized. Re- 
lay 20, which was previously pulled 
in, is held by its “hold” coil. Note 
that pin 20 is disconnected from the 
matrix and the test voltage and that 
pin 21 is disconnected from the recti- 
fier matrix and connected to the test 
voltage, and that pin 22 is connected 
to the rectifier matrix. 

As the pin scanning proceeds 
through one plug, the current required 
to supply the holding coils increases in 
steps. And it would continue to in- 
crease as the scanning proceeds to the 
following plugs until all 528 holding 
coils are drawing power from the 
power supply unless something is done 
about it. The drop-out relay is the 
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O17 
O16 
\ 
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FIG. 3. Relay matrix operated by stepping switches applies test voltage to each pin in turn. 


“something”. This relay, which is 
energized when the pin stepping 
switch reaches its 23rd position, opens 
the plus de supply to the holding coils, 
releasing all the armatures. This con- 
nects all the pins back to their corre- 
sponding rectifiers. But the corre 
sponding plug number bus of the 
rectifier matrix is opened by a second 
set of contacts, thus effectively putting 
all the pins of the particular plug “out 
of the game”. 


THE PRINTER CODING SCHEME 


Che printer is a standard 11]-column 
adding machine (with the addition 
element removed) equipped with key 
actuating solenoids. A short pulse to 
the “add” solenoid causes printing 
and paper advance. Only eight col- 
umns of the printer are used. 

Information for the first four digits 
comes from the stepping switches and 
for the second four digits from the 
rectifier matrix after a patchcord is 
encountered. 

The average time for the prepara- 
tion of the list of connections en- 
countered on a 528-pin board is two 
minutes. This results from the veri- 
fier’s free scanning rate of about 5 
points per sec. The rate can be in- 
creased fivefold without any basic 
design changes. 
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1- 4 Designs of the Month 
5- 8 Servo Components 
9-19 Indicators & Testers 
20-28 Switches, Relays, Timers 
29-34 Control Valves 
35-44 Pulse Products 
45-51 Some Detectors 
52-61 Assorted Components 


MINIATURE SERVOS use dithering-relay amplifier to obtain positioning power 


The soap-cake sized actuator above 
is a miniature servomechanism de- 
signed for use with high-impedance 
output radio control receivers. A 
linear motion model (1 in. sq by 5 
in. long) is also available. Each con- 
tains a three-stage amplifier, a feed- 
back pot, a small servo motor, and a 
gear train. 

The extremely low power con- 
sumption, small size, and light weight 
of these devices contrast strikingly 
with their substantial physical out- 
puts and make them appropriate for 
the operation of control surfaces in 
light. aircraft or mobile equipment. 
Prices range from $98 to $150. 

As seen in the schematic, lower 
right, the instrument’s amplifier has 
two miniature tubes in its first two 
stages, the third being a relay. This 
relay is not used as a simple on-off 
controller. If it were, the servo would 
be subject to constant, rather large 
oscillations, with subsequent overheat- 
ing of the motor and high power 
drain. 

One way of avoiding this involves 
the use of a center-stable relay, but 
designers of these actuators were not 
able to find a suitable one. A center- 
stable arrangement implies maximum 
gain on both sides of a dead zone. 
Oscillations set up as the result of a 
step command signal die out at a rate 
proportional to the damping of the 
actuator and the width of the dead 
zone; yet accuracy and speed of re 
sponse demand that both of these be 
as small as possible. 

The servo shown here uses a con- 
ventional relay to obtain an infinitely 
narrow dead zone plus an output 
proportional to input. This is the re- 
sult of an oscillating signal superim- 


86 CONTROL 


ENGINEERING 





INPUT 
Error signal equals relay 
threshold (e=0) 


Injected dither 


“Positive” error signal 


Relay threshold 


“Negative” error signal 





RELAY OUTPUT 
Normally closed contact 


: 





ILL ut 


Normally open contact 


Power—» Power—» 





JL 











posed on the input signal. When 
the servo error is zero, the error signal 
is just a little too weak to close the 
relay. But the superimposed “dither” 
signal is enough to do the job. Hence, 
when the error is zero, the armature 
oscillates at the dither frequency (50 
cps for these instruments), spending 
only a small fraction of its time on 
each contact. 

The diagram at the upper right 


shows how deviations of the error 
signal cause one contact to be closed 
more than the other. In this way, 
the amplitude-variable error signal is 
converted into a_ pulse-width con- 
trolled signal. The inertia of the mo- 
tor smooths out the power in these 
pulses to a continuous function. 

The amplitude of the dither oscil- 
lation can determine the “gain’’ (or, 
more accurately, the proportional band) 


Reversable motor 
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of this stage of amplification. When 
the dither is at a value equal to the 
maximum error signal, the relay will 
have a power output roughly linear 
through the entire range of the error 
signal. As the dither signal ampli- 
tude approaches the relay’s actuation 
differential, the relay begins to oper- 
ate like a center-stable relay if the error 
signal has a wide enough range). 
Three convenient ways of causing 
oscillation in the relays are: (1) 
putting a second coil and set of con- 
tacts on the relay, causing this coil 
and contact set to operate in doorbell 
fashion; (2) feeding back to the input 


MINIATURE TURBINE, controlled by centrifugal-governor, inte- 
grates square root of input signal. 


The flow integrator above does not 
require cams for square-root extrac- 


part of the negative (normally open 
contact) output of the relay so that 
the doorbell scheme works through 
the main contacts; (3) causing some 
element before the servo to inject the 
proper oscillation right on the com- 
mand signal. Any of these techniques 
can be used with these servos. 

The linear motion model (called a 
Push-Pull Servo by the maker) exerts 
up to 3 lb stalled and has a full travel 
of 1 in. in less than 4 sec. It weighs 
less than 5 oz. 

Rotary models displaying output of 
50 deg in under 4 sec have a stalled 
torque of | lb-ft for the Type 0 servo 


tion. Accurate to within 4 per cent, 
the little machine integrates flow 


DESK MODEL ANALOG COMPUTER light enough to be carried. 


This CSI Analog Computer, used 
in the analysis of autopilots, stability 
augmenters, electronic amplifiers, and 
hydraulic, pneumatic, and sampled 
data servo systems, contains 12 opera- 
tional amplifiers, six integrating 
capacitors, 20 coefficient pots, eight 
variable voltages referred to ground, 
and four variable “floating” voltages. 
A special drawer contains fixed-value 
plug-in impedances, diodes, capacitors, 
and plug cords. The de gain of the 
amplifiers is greater than 3 x 10* and 
power output 100 v into a 10 k ohm 
load. Control Specialists, Inc., 115 
E. Arbor Vitae, Inglewood 1, Calif. 


Circle No. 3 on reply card 


and + lb-ft for the Type 1. Powe. 
consumption is 10 watts maximum, 
idling draw of well under 1 watt. Ac- 
curacy for the servos without loads 
is 0.1 per cent. With a load of 50 
per cent of maximum output, an er- 
ror of 1 to 2 per cent full scale ap- 
pears. Maximum repeatability error 
is less than 0.2 per cent. A 10 per 
cent change in plate supply affects 
current in the relay by an amount 
equivalent to only 0.1 per cent change 
in the input. Harvey Electronics, 
Ltd., Farnborough Road, Farnbor- 
ough, Hants, England. 

Circle No. 3 on reply card 


rates as indicated by a 3 to 15 psi 
signal from a differential pressure 
transmitter. This signal, applied 
through a bellows, positions a force 
bar in relation to a nozzle. The re- 
sulting back pressure at the nozzle, 
amplified by an air relay, regulates a 
jet of air onto the blades of a turbine 
wheel. ‘The wheel is the unique fea- 
ture here. As it revolves, the cen- 
trifugal force of a weight on its shaft 
is fed back to the bar to balance the 
measurement signal. In other words, 
the speed of the wheel is determined 
by a governor whose setpoint is estab- 
lished by the input signal. The 
centrifigal action operates according 
to the square of the wheel’s speed, 
so that its rpm represents the square 
root of the bar’s position. A counter 
on the shaft of the turbine indicates 
the flow integration. Gears are easily 
changed for various flow units. The 
Foxboro Co., Foxboro, Mass. 

Circle No. 2 on reply card 
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suPpPpoRT 
CYUNDER 
OXIDE COATED 
CATHODE CATHODE RING 


HEATER 
BUTTONS 


G-E MICRO-MINIATURE CERAMIC TUBE TYPE 6874 


Circle No. 4 on reply card 


SERVO 


NO GLARE, little gas permits high heat, low noise 


The hardy little tube to the left, 
says GE, will operate at temperatures 
up to 1,000 deg. The miniature con- 
struction of the 6BY4 provides low 
induction connections to the plate 
and low internal capacitance for op- 
eration at frequencies up to 1,000 
megacycles. The alternate ceramic 
and metal construction is made pos- 
sible by a new metal-to-ceramic seal- 
ing process, The plate and most of 
the tube’s metal parts are titantium, a 
metal that shows extremely high get- 
tering (gas absorbing) characteristics. 
Despite its tiny size, the tube can be 


SIMULATION TABLE for flight control systems 


The machine above is a single de- 
gree of freedom roll table for simula- 
ting angular displacement of gyros and 
accelerometers. It features a threshold 
of less than 5 microradians and a 
natural frequency of over 15 cps. Its 
operation in conjunction with analog 
computers permits on-the-ground 
“flight testing” of a complete aircraft 


KIT for computer or simulator 
experimentation. 


Neatly encased at the right is a com- 
prehensive set of precision mechanical 
components for servo breadboards or 
electromechanical simulation. The 
three available sizes are for use in in- 
dustrial or university laboratories. 
Hangers, gears, shafts, bases, lead- 
screws, indicators and even wrenches 
are included in some models. Servo- 
mechanisms, Inc., 625 Main St., West- 
bury, L. I., N. Y. 


Circle No. & on reply card 
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or missile stabilization system. Input 
signal sources can be a computer, tape 
recorder, low frequency function gen- 
erator, or digital-to-analog converter. 
Micro Gee Products, Inc., Box 1005, 
6100 W. Slauson Ave., Culver City, 
Calif. 


Circle No. § on reply card 


COMPONENTS 


assembled automatically. The low 
noise factor promises it a future in 
high speed computers, TV tuners 
and uhf amplifiers. Its bandwidth at 
900 megacycles is 10 mc. General 
Electric Co., Schenectady 5, N. Y. 


Characteristics 

4 in. by 2 in. diam 
Filament 
Plate voltage 
Power gain 
Transconductance 
Micromhos 
Amplification factor 100 


6,000 


SCOPE indicates performance 
of servo systems. 


The Servoscope, a gain and phase- 
shift measurement instrument for 
servo systems, now is available with 
a cathode ray indicator. The little 
instrument provides sinusoidal, sinu- 
soidal modulation in a_ suppressed 
carrier envelope, or square wave pat- 
terns. Four models offer frequencies 
from 0.001 to 60 cps. Servo Corp. of 
America, 20-20 Jericho Turnpike, New 


Hyde Park, L. I., N. Y. 


Circle No. 7 on reply card 


INTEGRATING amplifier sums 
currents for computers. 


The AIL Type 40 Integrating Am- 
plifier is a four-tube electronic inte- 
grator for analog computers. All tubes 
are pre-aged and critical circuits her- 
metically sealed. Storage capacitors of 
0.01, 0.04, or 0.05 mf may be charged. 
Sensitivity is 100, 25, or 20 v output 
per microcoulomb input. Output is 
1 ma max. current at any output volt- 
age from minus 100 to plus 100 v. 
Airborne Instruments Laboratory, 
Inc., 160 Old Country Rd., Mineola, 
N. Y. 


Circle No. § on reply card 
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PACKAGED PRECISION 


MEASUREMENT 


A em 


Stanley Home Products, Inc. checks Freon losses as 


Two tiny SR-4° Load Cells weigh 
200,000 lb. tanks automatically 


Baldwin’s ‘‘Packaged Precision 
Measurement,” neatly solved the 
handling of large volumes of Freon 
at the Stanley Home Products plant 
in Easthampton, Mass. A constant 
record of stored and used quantities 
was needed to avoid excessive leak- 
age and evaporation losses. 
Continuous automatic weighing 
of their two 15,000 gallon storage 
tanks with Baldwin SR-4 Load Cells 
answered Stanley’s problem _per- 
fectly. Two small SR-4 compression- 
type 50,000 Ib. load cells were in- 
stalled as supporting members on 
the concrete base at one end of 
each tank. These support exactly 
half the load of the 200,000 Ib. 
tanks and the instruments are cali- 
brated to read only the weight of 


Eddystone Division 


BALDWIN - LIMA- HAMILTON 


the Freon in the storage tanks. 

Reinforced flexible hose at inlet 
and outlet eliminates effect of con- 
necting piping on weighing accuracy. 

This Baldwin system gives Stanley 
weighing accuracy within 4 of 1% 
of scale (200,000 Ibs.). Baldwin-en- 
gineered instrumentation provides 
remote indicators at the tank car 
siding and recorders at a centralized 
control panel. The weighing system 
controls a motor-driven pump at 
the siding, shutting it down auto- 
matically when the tanks have 
13,500 gallons of Freon. 

Packaged Precision Measurement 
can solve similar problems for you. 
For detailed information on SR-4 
Device applications and instrumen- 
tation use coupon today. 





th ag 





Baldwin strip chart recorders on wall (lower photo) 
show rate of consumption of Freon. Recorders are 
connected by electrical cables to SR-4 Load Cells 
under one end of 15,000 gallon tanks on other side 
of wall (upper photo). 


Baldwin-Lima-Hamilton Corp. 

Philadelphia 42, Pa. 

(In Canada: Peacock Bros., Ltd., Montreal, Quebec) 
Please send me the following new literature 

[_] Bulletin 4300 (Introduction to SR-4 Devices) 

(] Bulletin 4301 (SR-4 Load Cells and Load Beams) 

(J Bulletin 4302 (SR-4 weighing of tanks, bins, hoppers) 
(] Bulletin 4306 (SR-4 Fluid Pressure Cells) 


Name 
Company 
Address 


City 
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WEIGHT 1002 


NEW...the 400 cycle 


vernistat® 
a.c. Potentiometer 


you asked for! 


The 400 cycle Vernistat is an a.c. potenti- 
ometer-type voltage divider that combines 
high linearity and /ow output impedance. 
It is essentially a non-dissipative element 
idaptable to high temperature operation. 
Size and mounting dimensions are designed 
to the BuOrd specification for a size 18 
synchro. 


Here are the details: 


* high linearity, inherent in the design 
principle, is maintained over the life of the 
unit. 


* low output impedance eliminates need 
for isolation amplifiers in many applications. 
¢ high output current capability. 

* low phase shift — less than 90 seconds, 
depending on model. 


* ean be coupled with synchros, resolv- 
ers and other components—as well as 
ganged. 


* nonlinear functions can also be gen- 
erated. 

Class 5 ball bearings, centerless ground 
shaft, and an aluminum housing machined 
to close tolerances combine to make the 
Vernistat a precision instrument. Shaft seals 
will be supplied where they are required by 
environmental conditions. 


check these 
specifications: 


Linearity Tolerance 


Minimum Output 


Voltage Increment s.e:0c0:6 6: ee te 
Output Impedance. .less than 130 ohms 
Input Voltage 130 v max. 
Input Impedance... .up to 75,000 ohms 


*Trademark 


3 
vernistat 
division 
PERKIN-ELMER CORPORATION 


Norwalk, Connecticut 


90 CONTROL 


ENGINEERING 


NEW PRODUCTS 


INDICATORS 





VIBRATION ANALYZER shows 


Vibration wave analysis is per- 
formed by Model 1064 continuously 
variable filter, above, left, when it is 
used with the analyzer, right. A tuning 
range of from 500 to 50,000 cpm or 
500,000 cpm covers amplitudes up to 


MONITOR CHECKS 25 points 
for high-low status. 


The 25-point scanner above con- 
tains 25 sets of red and green lights 
that show a particular step under con 
trol and whether the 
whole is functioning properly. Each 
point being surveyed is set by a sim 
ple slide-wire adjustment, while points 
not used are automatically skipped. 
The scanner checks points at speeds of 
1 or 5 per sec. Fielden Instrument 
Div. of Robertshaw-Fulton Controls 
Co., 2920 N. Fourth St., Philadelphia 


33, Pa. 


process as a 


Circle No. 10 on reply card 


DIGITAL READOUT: Luminous 


digital readouts, with from one to six 


& TESTERS 


displacement in inches. 


1 in. and down to 0.0001 in. Inter- 
national Research € Development 
Corp., P. O. Box 1707, Columbus 16, 
Ohio. 

Circle No. 9 on reply card 


windows, use edge-lit lucite plates. ‘The 
numbers are 4 in. wide, | in. high, and 
spaced 14 in. apart. Non-Linear Sys- 
tems, Inc., Del Mar Airport, Del Mar, 
Calif. 

Circle No. 1, on reply card 


GAS TUBE MONITOR: ‘The Arc- 
Drop Voltmeter makes arc-drop meas 
urements on gas tubes while they are 
in operation and predicts end-of-us¢ 
ful-life for thyratrons and phanotrons. 
Alectric Mfg. Co., 7842 39th Ave., 
Kenosha, Ws. 


Circle No. 12 on reply card 





SCOPE WITH MEMORY holds 
waveforms until erased. 


This device can be connected to an 
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ultra- 
sensitive 


relays 


selected for use on 
Flight Simulators built by 
Curtiss-Wright 


BARBER 
COLMAN 


Reproducing in exact detail all the flight 
characteristics of the giant C-124 troop 
and cargo carrier, the Electronic Flight 
Simulator built by the Electronics Divi- 
sion of Curtiss-W right permits intensive 
flight familiarization without personnel 
ever leaving the ground. In this Simu- 
lator’s generator system, five Barber- 
Colman Micropositioners are used. In 
your applications, too, there is very 
likely a place for this remarkable ultra- 
sensitive relay. Various types .. . plug 
in, solder-lug, screw terminal, hermeti- 
cally sealed. Operate on input powers 
of 50 to 1,000 microwatts. Ideal for use 
as a null detector in resistance bridge 
circuits, a differential relay in electronic 
plate circuits, and an amplifier in pho- 
toelectric circuits. Can be operated in 
excess of 100 cps. Write for Bulletin 
F-3961-4. 


Barber-Colman Company 
Dept. X, 1448 Rock Street, Rockford, Illinois 
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electrostatically deflected cathode-ray 
oscilloscope to provide multiple storage 
ot waveforms. The Memo-Scope con- 
tains two stable de amplifiers, which 
are connected to the associated scope. 
A separate erase pulse clears the 
screen. Advanced Electronics Mfg. 
Corp., 2025 Pontius Ave., Los Angeles 
25, Calif. 

Circle No. 43 on reply card 


VTVM: The type 800-B vacuum tube 
voltmeter features a uhf probe for 
measuring the level of voltages to 
700 megacycles within 1 db. Ranges 
are as low as 5,000 megohms and 0.001 
microamp. Technology Instrument 
Corp., 531 Main St., Acton, Mass. 


Circle No. 14 on reply card 


LOW FREQUENCY OSCILLA- 
TOR: The Type 348 Sine-Wave Gen- 
erator offers accuracy to within 2 per 
cent for outputs in the range of so to 
510 kilocycles. Output is 2 watts into 
600 ohms. Allen B. Du Mont Labora- 
tories, Inc., 760 Bloomfield Ave., Clif- 
ton, N. J. 


Circle No. 45 on reply card 


NINE-CHANNEL DC amplifier 
for oscillographs. 


This machine consists of nine high- 
gain amplifiers for use with record- 
ing oscillographs. Attenuation is ac- 
complished by dividing the output 
voltage and returning the unwanted 
gain to the opposite differential ampli- 
fer grid. Gain is to 1,100 per channel. 
Input impedance is 10 megohms. Fre- 
quency response is within | per cent 
to 25,000 cps. United Control Corp., 
4540 Union Bay Place, Seattle 5, 
Wash. 

Circle No. 16 on reply card 


WAVE FORM analyzer filters 
out 24 components. 


A complex wave form fed into the 
above machine can be separated into 
a maximum of 24 components. 
‘Twenty-four cathode-follower ampli- 
fiers feed 23 band-pass filters ranging 
from 30 to 2,000 cps and one 20-cycle 
low-pass filter. Function is vibration 
analysis. Hycor Co., Inc., 11423 Van- 
owen St., North Hollywood, Calif. 

Circle No. 17 on reply card 


LARGE-SCREEN SCOPES: 17- and 
21-in. cathode ray indicators, available 
from Du Mont, couple to the deflec- 
tion plates of small-screen oscillo- 
graphs. Allen B. Du Mont Labora- 
tories, Inc., 760 Bloomfield Ave., Clif- 
ton, N. J. 

Circle No. 18 on reply card 


MAGNETIC RECORDING 
HEADS: Four new thimble-sized re- 
cording heads for base- or rear-mount- 
ing are available from Shure Brothers, 
225 W. Huron St., Chicago 10, III. 

Circle No. 19 on reply card 





RELAYS, SWITCHES, 
& TIMERS 


DELAY RELAY is motor-driven 
for high accuracy. 


The above — synchronous-motor- 
driven time-delay relay (new Type 
412) features repeat accuracy of within 
+ to 1 per cent. It has 14 ranges, 
from 6 sec to 24 hrs, in 115, 220, 25, 
50, and 60 cycles. Its contacts are 
rated for 15 amp at 125 vac. Life of 
over 1 million operations is claimed. 
R. W. Cramer Co., Inc., Center- 
brook, Conn. 


Circle No. 20 on reply card 


MINIATURE ROTARY SWITCH: 
The Series 7000 switch comes 1m ar- 
rangements ranging from one pole 12 
positions to 4 poles three positions, 
with one, two, or three decks. Positive 
30 deg indexing is standard. It mounts 
on a }-in. diam shaft. Contacts will 
break a 250-ma circuit at 50 vde. OD 
is 1.16 in., torque 14 in.-Ilb. Interna- 
tional Instruments Inc., New Haven, 
Conn. 


Circle No. 24, on reply card 


INTERVAL TIMER sequences 
four operations. 


The little timer shown here con- 
trols four different circuits to generate 
four different operations during an 8- 
sec cycle. Use in small automatic de- 
vices requiring a sequence of opera- 
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Cmall Motore 


chosen to power water 


circulation system in Lipman 


“‘Ice Boy”’ ice tip machine 





With a Lipman “Ice Boy” ice tips can be automatically made 
and stored at the rate of 1,000 to 1,600 per day in various 
accurately controlled sizes up to 134” diameter, 234” length. 


Only moving part of this machine produced by Lipman 
Refrigeration Division of Yates-American, Beloit, Wiscon- 
sin, is a revolving paddle which circulates water and moves 
tips to the storage compartment. This is powered with a 
Barber-Colman PYAZ geared motor with these “plus” fea- 
tures: rugged, precision gear train . . . porous bronze bear- 
ings ... large oil wicks . . . high starting torque. 


If you have a project involving small motors, let Barber- 
Colman engineers help you get the exact motor for the job. 


FREE DATA SHEETS ON WIDE LINE OF SMALL MOTORS 





The Barber-Colman line includes unidirectional, synchronous, 
and reversible motors —up to 1/20 hp. With and without 
reduction gearing — open or enclosed types. Expert engineer- 
ing service available. Write today, tell us your problems, 
ask for free data sheets, 


Barber-Colman Company 


DEPT. X, 1248 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors «Automatic Controls «Industrial Instruments «Aircraft Controls «Air Distribution Products 
Overdoors and Operators «Molded Products «Metal Cutting Tools «Machine Tools «Textile Machinery 
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UNIQUE SENSITIVE RELAY 


incredibly small, 
lightweight and 
adjustable! 


AEDS RE SS 8 TER CG ory 


ADVANCE “SO” SERIES 


Here for the first time is a sensitive 

relay only 1-7/32”"x 1-1/8"x 1-1/4”... weighing 
only 1-1/2 ounces, and adjustable over a 

wide range. You get much more latitude with 
this relay in designing for tiny areas. 


The Advance “SO” is set at the factory 

to operate on 10 milliwatts. User can adjust 

it down to 2 milliwatts, or any desired 

pick-up or drop-out, by means of fine screw 
contacts. A balanced armature provides 
extremely sensitive operation. The unit is highly 
efficient, ruggedly built, and offers excellent 
shock and vibration-resistant characteristics. 


Contact arrangement is SPDT. 

Coil resistances: 4000, 6500 and 10,000 
ohms. Life expectancy: 250,000 
operations. Available in open types... 
dust-tight or hermetically sealed 
enclosures. Now in quantity production. 
Advance “SO” relays are priced 
amazingly low. Write for literature. 














Resistance 


Max. Coil 
Voltage for 
Continuous Duty 


Coil Drop Out 


Voltage 


Drop Out 
Current 


Overtravel 


Contact 
Gap 





4000 3.2V | .8MA 110 V 


6500 3.9V | .6MA 140 V 


5 V| .5MA 175V 

















0015 


0015 


0015 








.002/.003 


.002/.003 


.002/.003 
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ADVANCE ELECTRIC _/apvance| 


\ Dr Lee : / 


AN ELGIN NATIONAL WATCH COMPANY AFFILIATE 


AND RELAY CO. 


2435 N. NAOMI STREET, BURBANK, CALIF. 
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tions, such as some vending machines 
or machine tools, is envisioned. A 
variety of cycle lengths and poles are 
supplied. P. R. Mallory & Co., Inc., 
Indianapolis, Ind. 

Circle No. 22 on reply card 


TINY TIMER for aircraft 
features hermetic sealing. 


Special feature of this clapsed time 
meter is the 14 in. diam case. ‘I'wo 
models, one indicating in xs hr steps 
to 9,999.9, and the other in so min 
to 9,999.9 min, are available. Her- 
metically sealed, the little timers op 
erate on 400 cycle current and mount 
on cither side of panels. Haydon 
Mfg. Co., 245 East Elm St., Torring- 
ton, Conn. 

Circle No. 23 on reply card 


1-MICROAMP signals handle 
temperature controller. 


The little contact on-off controller 
above consists of a pyrometer indicator 
circuit and load relay that will handle 
up to 5 amps at 115 vac. ‘Temperatures 
as high as 2,500 deg F can be con- 
trolled to within 1 per cent of scale 
Control current variations of 1 micro- 
amp are said to operate the regulator. 
Name is Model PB. Automation In- 
strument Corp., 1516 Summer St., 
Philadelphia 2, Pa. 

Circle No. 24 on reply card 





NEW STANDARDS 

OF ACCURACY AND DEPENDABILITY 
IN INDUSTRIAL REMOTE CONTROL 
AND TELEMETERING 

WITH... 


‘Bendix-Pacific 
ELECTRO-SPAN 
y 4 
S Y S T E AY S Bendix-Pacific Electro-Span data 


transmission systems remotely measure 
liquid level, flow, pressure, tempera- 
ture or shaft position, and remotely 
control pumps, valves, motors and simi- 
lar equipment with accuracy and de- 
pendability never before attainable at 
such low costs. 

These are true digital systems, assur- 

vo ing consistent performance and free- 
pt donde ddd dom from error, over any distance. The 
systems can be operated over all types 

of communication channels. 

Under the Bendix-Pacific unitized 
construction, these systems are com- 
prised of standard assemblies offering 
maximum flexibility with low cost. 


Bendix-Pacific engineers will gladly 


propose a system to meet your specific 
requirements. 





A simple Cote pees 
converter which directly 
transcribes received digital 
measurement data into a 
permanent graphic record. 


Visual Indicators 
including digital synchro in- 


dicator and decimal lamp 
register. 


These basic electro-mechanical converters A standard Bourdon tube pressure 
transform shaft settings into electrical code gauge which serves as a local pres- 


signals for long distance data transmission. sure indicator and as a digital con cs 
They are attached to standard measuring verter for use in transmitting pres- 


instruments, such as flow meters and tach- sure data electrically over long 
PACIFIC DIVISION 


ometers, and to control shafts distances. 
Please address inquiries to Department 832 “Bendix Aviation Corporation 


NORTH HOLLYWOOD. CALIF 
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Precision Delay 


ig EPSCO scsangugiari es 
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Cwerem developmen navigational systems gunded ms 
ery ed telemencring eyuspmen have 


alo)’, Ame aloay am d-olalallor-lmmer-tire! 
bulletin on delay lines. from 


New Technical Advances, New Ma- 
terials and Techniques Have Resulted 
in Delay Lines of Unusual Character- 
istics ... And At Low Cost: 


If you use delay lines in: Telemetering — 
Digital or Analog Computers — Pulse 
Circuits — Coders and Decoders — Navi- 
gation Systems — Stable Time Reference 
Units — or in special applications — you'll 
find this brand new technical bulletin of 


great interest and use in your work. 


CHARACTERISTICS OF NEW 
STANDARD* UNITS 


All Standard units are guaranteed to have the 
following characteristics: 


Temperature coefficient of delay less than 50 parts 
per million per °C. 


Operating temperature range: —55C to 125C. 
Delay tolerance 3%. 

Spurious signals less than 5%. 

Characteristic impedance tolerance 5%. 


Attenuation in DB approximately 0.1 to 0.2 times 
delay-to-rise-time ratio. 


*Custom units are built to even more stringent specifications. 


SEND FOR BULLETIN DL-55 TODAY! 


CONTROL ENGINEERING 


CONTENTS 
New Standard Series 
Precision Audio Delay Lines 
Custom Designed Units 
Special Applications 
Design Formulae 
Typical Circuits 
Characteristic Impedance 
Attenuation 
Delay Time 
Rise Time 
Delay-T o-Rise-T ime Ratio 
Bandwidth 
Phase Linearity 
Spurious Signals 
Operating Temperature Rang 
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SAMPLING SWITCH: A new sam 
pling switch is available with 1, 2, 
or 3 concentric poles, 60 contacts 
per pole, a built-on dc or ac motor, 
and gear reduction assembly. ‘The 
maker offers a variety of contact ar- 
rangements with individually adjust 
able phasing among poles. General 
Devices, Inc., P. O. Box 253, Prince- 
ton, N. i. 


Circle No. 25 on reply card 


SEALED PLUG-IN RELAY: A new 
34-in.-high plug-in sealed relay fea- 
tures contact closure in 10 millisec. 
Contacts are rated for 1.5 amp induc 
tive and coil operating power of 250 
milliwatts. Hedin T'ele-Technical 
Corp., 87 Dorsa Ave., Livingston, 
N. J. 


Circle No. 2G on reply card 


ACTUATED 
POSITION 


OPERATING 
POSITION 


UNDERSPEED SWITCH acts 
as torque limiter. 


The maker says that operational 
tests of this switch show a life of up 
to 3 million cycles. It opens circuits 
when a rotating element runs under- 
speed, a condition that can be laid to 
loads large enough to damage some 
aspect of the torque source. Conse- 
quently, this “torque limiter” pre 
vents machines from damaging them- 
selves due to a jammed condition. 
Torq Engineering Products, Inc., In- 
terstate St., Bedford, Ohio. 


Circle No. 27 on reply card 


CYCLE TIMER: A new repeat cy- 
cle timer has an electronic timing 
circuit with two cold-cathode triodes. 
On and off cycles are independently 
adjustable from 0.1 to 12 sec. The 
only moving part is an SPDT relay 
with 5 amp contacts. G. C. Wilson 
& Co., 1915 Eighth Ave., Hunting- 
ton, W. Va. 


Circle No. 28 on reply card 





Let G-M supply the right motor to 

fit your system! By specializing in servo 
motors—not systems—G-M can offer you a 
broader range of sizes and characteristics. 
You choose from all the standard sizes .. . 
plus standard sizes specially modified to meet 
specific circuit requirements. Or, request a 
G-M tailor-made servo motor with the cor- 
rect combination of impedance, voltage and 
other values to meet your exact circuit re- 
quirements. You get the right motor—right 
on time—when youspecify G-M Servo Motors! 


= 
ee 


# SERVO MOTORS * MOTOR GENERATORS « SYNCHRONOUS-HYSTERESIS MOTORS ! — | ( | | () 
r f tured t th 


e Compone 


Motors 


specifications to select the best values for the control G-M LABORATORIES INC. 
phase of your servo motor. Whether you are designing 


4340 N. Knox Avenue « chicago 41 
a new system, or seeking better performance in an exist- 
ing system, let G-M help. 


Write for literature and information! Use G-M charts and 
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THE MOSELEY | NEW PRODUCTS 


AUTOGRAF | 
ao §=§=©6&>CONTROL 


X-YreEcorDER ais 





MODEL 1, drum type, accepts 8!/2"x11" 
graph paper; traverses each axis in | sec- 
ond; has full scale ranges of 5 millivolts to 
100 volts; zero set anywhere on ‘the paper; 
portable, self-contained; available also as 
a curve follower for electrical read-out of 
drawn curves. 


oo 
& 






AUTOGRAF Recorders, MODELS 1 and 2, provide all the features needed for 
graphic recording of test data, point plotting, and curve following for readout 
purposes. 





POSITIONAL SERVO VALVE 
for mechanical feedback. 


Ihe Model CO-5 Servo Control 
Valve is designed for follow-up posi 
tioning systems in which mechanical 
input signals are obtained from cams 
or linkages. Sources of positional feed 
back can be differential input linkages 
or valve body displacement. Hydraulic 
Controls Co., 87 Terrace St., Roxbury 
20, Mass. 

Circle No. 29 on reply cord 


MODEL 2 


Flat bed type, accepts 11"x161/2" graph 
paper; same speeds, sensitivities and ranges as 
MODEL 1]; zero set anywhere on paper plus one full scale le 


ngth of zero-offset; 
inputs provided for analog recording, point plotting from digital sources, and 
curve following for computer or data reduction use. — 


MODEL 20 DC VOLTMETER is ¢ servo- 
actuated, fast, accurate and sensitive in- 
strument. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in 
Coleman digitizer and delivers digital out- ’ 
put for operation of printers, ty ypewriters, 


tape or card punches, etc 





\ MODEL 30 CARD TRANSLATOR con- 
verts information from pi oo cards into 
point form for automatic plotting. Handles 
up to 50 cards per minute, Pt0 to 200 counts 
per inch. Plugs directly into MODEL 2 re- 


pcorder, controls both card reader and re- 
vorder for completely automatic operation. 


». 





MODEL 40 KEYBOARD provides a con- 
venient means for plotting large amounts 
of tabular data in point-curve form. Self- 
contained voltage source together with full 
three column keyboard in both X and Y 


axes; unit plugs directly into MODEL 2 BELLOWS-SEALED valve 





AUTOGRAF. is diaphragm-controlled. 

Bulletins describing these instruments are 

available and we'll be glad to send them to The small valve shown above has 

you. Write... Teflon seating and packing. Bellows 
F. L. MOSELEY CO., 409 North Foir Oaks Avenue, Pascdena 3, Colifornia are rated at 500 psig from minus 70 
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deg to 700 deg F. Port is 4 in. 
George W. Dahl Co., Inc., Bristol, 
mn. 2. 


Circle No. 30 on reply card 


SERVO VALVE: Moog’s dry sole- 
noid servo valve is in production. 
Model 2000 will furnish any maxi- 
mum output flow from 1,000 to 3,000 
psi. A torque motor isolated from 
the fluid produces full valve output 
with a differential current of plus or 
minus 0.8 ma. Natural frequencies 
of 65 cps can be achieved when the 
unit is used in servo loops. It uses 
0.1 gal of fluid per min. to drive the 
internal servo that positions the four- 
way main valve. Moog Valve Co., 
Inc., East Aurora, N. Y. 

Circle No. 34, on reply card 





POWERFUL VALVE responds to 
delicate signal. 


Control signals of less than 50 
milliwatts cause this valve to move 


at a speed of more than 1 in. per sec 
with a thrust of 600 ib or more. Work- 
ing through its own hydraulic power, 
the valve feeds electric signals into 
amplifiers having proportional band 
rate, and reset functions. It operates 
this way: the incoming signal is fed 
through a coil suspended in a magnetic 
field. This coil moves in the field 
a distance proportional to input cur- 


HOKUM ON PREAMPLIFICATION 


Way out in our back room we have a section devoted to 
Engineering” One purpose of this group is to see to it that our 
relays work in the job for which our customers purchased them 
Our man Waldo Hokum, one of the members of this group, has for 
years been untangling circuit problems that have had an unflattering 
effect on our relays and during this time he has been able to segre- 


. as .  o 
gate many problems and assemble them in definite categories 


One category soon became so large that we had to take more 
floor space to make room for it — that was, and is, how to get 
conventional relay response to low impedance D.C. signals of the 
order of 0.1 to 100 microwatts. Many relay uses call for amplifying 
these signals so that they will be strong enough to activate even 
our most sensitive relays. This is especially important to people 
who work with photocells, thermocouples and the like 


Waldo stuck with this one through various stages of vacuum 


tubes, transistors, toroidal coil magnetic amplifiers and such, but 


. eo . 
never was really happy about his progress. There was always 


something like high cost, fragility or instability to cast a dark 
shadow on his otherwise blissful existence. It wasn't until he de- 
signed and made his own magnetic amplifier that he began to sec 


the sunshine again. 


What he came up with was a magnetic amplifier which 
among other things, included conventional bobbin. wound coils 


: , 9. 
rather than toroids. This made our directors happy, because even 
they know that the manufacturing costs are much less with bob- 
He dis 


together with the circuitry that he 


; : 10. 
bins, and, what is more important, it made Waldo happy 
: tis * 
covered that his new gismo, 
developed to go with it, had some rather interesting specs, gener- 
ally as follows 


MAGNETIC AMPLIFIER RELAY 
SERIES 8000* 


Sensitivity 0.1 to 100 microwatts 
D. C. from 0.1: to 30,000 ohms 


Polarity sensitive — snap action 


Noture of signa! 
Relay response 
Contact form 11) 3-position, center neutral 

(2) SPDT 

1-5 amperes at 28VDC or 11SVAC 
30 to 300 milliseconds depending on 


Contact rating 
Speed of response 
overdrive and L/R of input circuit 


Environment Stondord Available 
Vibration 59, 10 g, 
to 30 cps to 500 cps 
Temperature 0° to 50°C 55° to 125°C 
Shock 10g 100 g 


Power Supply 115V @ 60 cps 115V @ 400 cps 


This thing is now at the point where it would be worth your 
time to play around with — that is if the above specs bracket your 
problem generally and especially if you need to monitor the condi 
tions of bridge balance or compare the outputs of low impedance 
D.C. signal sources. 


If such is the case, Waldo has some sample ‘‘packages’’ that 
not only include his magnetic amplifier, and a Sigma Relay (natch), 
but also the circuitry that makes the thing work. If you think 
you'd like one of these to fool with, or wish more information on 
this subject, 


Waldo. 


we suggest you write to us, attention of our man 


His name really is spelled Holcombe 


SIGMA | 


SIGMA INSTRUMENTS, INC 
69 Pearl St., So. Braintree, Boston 85, a 
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Most engineering ingenuity concentrates not on basic principles, 
which are relatively simple, but on the fine details that make the 
difference between good and poor design, between high and low cost, 
or between efficient and inefficient component arrangement. For 
instance, the motor control system patented by the Ford Instrument 
Company. The purpose of the system is to provide a sensitive control 
system to make an induction motor respond accurately to a relatively 
small reversible input signal. This system employs saturable-core 
transformers to combine the sensitivity of vacuum tube amplifiers 
with the high power-carrying capacity of saturated-core devices. 
This also facilitates the problem of matching the motor impedance 
with that of the amplifier. 

In the circuit shown the first pair of tubes act as a phase inverter, 
with the control signal applied to the grid of one inverter tube. The 
feedback signal, produced by a d-c generator coupled to the con- 
trolled motor, is applied to the inverter tube. The output of the 
inverter is the signal of the servo loop. The second pair of tubes acts 
as a driver-stage for the saturated transformers that supply one 
winding of the controlled two-phase induction motor; the other 
motor winding is connected to the power line. 

This is typical of the things Ford engineers do... every day. If 
you have a control problem it will pay you to talk to the Ford 
Instrument engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 


of wnusual abilities can find a future at FORD’ INSTRUMENT COMPANY. Write for information. 
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NEW PRODUCTS 


rent. In doing so, it positions a jet 
nozzle that operates the control valve. 
Askania Regulator Co., 240 E. On- 
tario St., Chicago 11, III. 

Circle No. 32 on reply card 





TINY pressure regulator has 
fast response. 


The little machine above is a back- 
pressure controller. Called the Micro 
Delta P, it’s said to have microsecond 
control without hunting and to pro- 
vide square wave pressure response. 
Industrial Engineering Corp, 525 E. 
Woodbine, Louisville, Ken. 

Circle No. 33 on reply card 


POWERED VALVES: Ledeen 
Model PON, a standard 4-way disc 
valve for air, gas, oil, or water serv- 
ice, is operated by a three position 
air- or gas-powered actuator. Ledcen 
Mfg. Co., 1600 S. San Pedro St. 
Los Angeles 15, Calif. 

Circle No. 34 on reply card 


PULSE PRODUCTS 


Si ees 





CONVERTS punched card data 
for analog plotters. 


The machine shown above converts 
decimal notation on punched cards 
into an analog voltage for X-Y plot- 
ters. The converter uses relays and 
resistors to alter the output of the 








Librascope Model 227 Decimal Key- 
board or the IBM 519 Reproducer or 
523 Punch. Plotted curves are said 
to be accurate within 0.25 per cent. 
The device will handle 60 cards per 
min. Individual cards can be read 
on the panel. Librascope, Inc., 808 
Western Ave., Glendale, Calif. 
Circle No. 35 on reply card 


SINE AND PIP GENERATOR: As 
its shaft rotates, a small Dalmotor 
generator produces a two-phase sine 
valve and two indicating pips per 
revolution. The pips are produced by 
10 deg switches set 180 deg apart. 
One model is for 1,200 rpm operation 
(producing 20 cps) and another for 
2,100 rpm (35 cps). Dalmotor Co., 
1381 Clay St., Santa Clara, Calif. 
Circle No. 36 on reply card 








DIGITAL MULTIMETER aids 
accurate readings. 


The 503 Digital Multitester dis- 
plays its ohm and volt readings to 
three figures. Electronic decade coun- 
ters give the instrument an accuracy 
in the de range of 0.15 per cent of 
full scale, through the ranges of 0.01 
to 1,000 v. The ac volt readings are 
within 1 per cent full scale, and the 
ohms (10 to 10 megohms) within 0.2 
per cent. Laboratory for Electronics, 
Inc., 75 Pitts St., Boston 14, Mass. 

Circle No. 37 on reply card 


DELAY LINE: The Medel F-135 
Delay Line provides a delay of 74 
microsec plus or minus | per cent in a 
can the size of a soap-cake. It’s div- 
ided into eight secttons and has a 
nominal impedance of 1,170 ohms. 
Attenuation within the frequency 






mm 


From MOOG... 


a Dry Solenoid Servo Valve 


For those electro-hydraulic servo systems which 
require valves of high dynamic performance, re- 
liability, small size and low weight, Moog units have 
achieved recognition as the industry standard. 

And now, for those systems in which the fluid 
contains entrained iron, Moog has developed the 
Model 2000 Servo Valve. These units feature a 
dry solenoid which eliminates the possibility of 
torque motor contamination due to magnetic par- 
ticles. These valves comply with requirements of 
MIL-H-5440A and are smaller and lighter than 
other Moog units of the same flow capacity. 

Moog Valves, including Model 2000, are pro- 
portional type, electrically actuated, hydraulic, 
four-way valves featuring high dynamic response, 
sensitivity, linearity, and reliability. Production 
models are designed to operate in hydraulic sys- 
tems of from 1000 to 3000 psi pressure. Rated 
output flows from 0.1 to 50.0 GPM for control 
currents of from 2.0 to 40.0 milliamperes as speci- 
fied are available in production units. 

Conventionally the valve input is from a bal- 
anced push-pull DC amplifier and the valve flow 
output is applied to a piston or hydraulic motor. 
An electric signal proportional to piston position 
or motor angular rotation is fed back to the ampli- 
fier to give a closed servo loop. 

Typical applications for these units are in servo 
systems used for guided missile and aircraft flight 
controls, radar scanner actuation, contour following 
machine tools, and automatic packaging equipment. 


For details write for Bulletin 2000-2 


MOOG VALVE CO., INC. PRONER AIRPORT 


DECEMBER 


SERVO VALVE 
Inc. 


EAST AURORA, N.Y. 


1955 
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KELLOGG CROSSB AR SWITCHES 


First used and overwhelmingly ap- 
proved in the telephone industry, 
the KELLOGG Crossbar is one of 
the most versatile switch devices 
yet developed for industrial use. 
Simple in its operation — dur- 
able and dependable — it solves 
hundreds of multiple or complex 
switching problems at small cost. 


It does away with the limitations 
inherent in relay trees. It provides 
connections as low as 25 to 30 
milli-seconds for one or many 
input circuits to one or many out- 
put circuits. With Crossbar several 
switching operations may be done 


WUTGOING 
‘Soo 8 ene Rae 


RWQY 


$ > 
> SY » 
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m 


RSOAQN 
SASS 


INCOMING 
SIGNAL TERMINAL 


at the same time—any circuit may 
be held while other circuits are 
switched. Because Crossbar switch 
points move only a few thousandths 
of an inch, wear and maintenance 
are practically eliminated. Con- 
tacts are of paladium metal; gold 
can be provided. 


The entire switch may be drawer 
mounted for easy inspection with- 
out disrupting service. The only 
wiring normally needed is to con- 
nect the input and output circuits. 
Shown below are the various types 
of electrical connections possible 
with KELLOGG Crossbar. 


Drawing No, 1 illustrates the basic Cross- 
bar principle which permits any of sev- 
eral incoming circuits to be connected to 
any of several output circuits. This type 
of switch can connect any of 60 circuits, 
3 at a time, to any of 75. 


Drawing No. 2 shows a means of switch- 

© ing one incoming circuit to many pos- 
sible outgoing circuits—accomplished by 
removing every other vertical. Thus, in- 
stead of having one cable terminal at 
one end of the switch, each remaining 
vertical has its own cable connection. 
This type of switch can easily be adapted 
to switch one circuit to any of 936, 


Write For This 
Free, Fact-Filled 
Booklet Today 
Dept. 72-J 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY Se 
A Division of International Telephone and Telegraph Corporation 
SALES OFFICES: 79 West Monroe Street, Chicago 3, Illinois 
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range of 300 to 15,000 cps is less 
than 0.2 db. Control Electronics Co. 
Inc., 1925 New York Ave., Hunting- 
ton Station, N. Y. 


Circle No. 38 on reply card 


SQUARE WAVE pulser has 
microsec rise time. 


The Model 300, shown above, pro- 
duces square pulses with a millimicro- 
second rise time and widths varying 
from 0.001 to 0.1 microsec. There are 
three pulse outputs with independent 
amplitude adjustment through an 
0.006 to 100 range in 1 db steps. Out- 
put impedances of from 50 to 200 
ohms are accommodated. Electrical & 
Physical Instrument Corp., 42-19 27th 
St., Long Island City 1, N. Y. 


Circle No. 39 on reply card 


TIME RECORDER totals, shows 
machine, process cycles. 


Using clectric current — sensitive 
paper, the Time Totalizer feeds its 
time-marked recording paper, sensi- 
tive to electric current, at rates 
of 1 in. per 5, 15, or 60 min. A 
counter indicates total “on” time. The 
recorder is used for on-off controller 
monitoring, production cycle record- 
ing, etc. Standard Instrument Corp., 
Div. of Heat-Timer Corp., New York 
EZ, ies Be 

Circle No. 40 on reply card 





PULSE RATE flow sensor 
uses 0.00003 gal scale. 


A unique, $-in. flow sensor converts 
fluid rate into electrical pulse rate 
through the range of 0.07 to 0.7 gal 
per min. Each pulse represents 
0.00003 gal. A signal frequency of 60 
cps is produced at approximately 0.15 
gpm. Operating temperature range 1s 
minus 300 to plus 450 deg F. It fits 
a standard 4-in. male flared tube con- 
nector for inlet and outlet. This de- 
vice can convert flow rate into digital 
notation directly through the use of 
an electronic counter or into an 
analog voltage by the proper RC cir- 
cuit. Potter Aeronautical Co., Route 
#22, Union, N. J. 


Circle No. 4] on reply card 


DIGITAL VOLTMETER features 
high accuracy. 

The Digi Volt is a compact digital 
voltmeter available with three- or four- 
digit readout and automatic polarity 


detection. Feedback Controls Inc., 
1332 North Henry St., Alexandria, Va. 


Characteristics 


Accuracy within 0.5 per cent 
Speed ....... 15,000 counts per min. 
Input impedance 500 K min 
Reference voltage ....plus or minus 


100 vde at 2 ma 
Circle No. 42 on reply card 


BATCH COUNTER closes circuit 
on preset figure, recycles. 


The above counter is designed to 


KEARFOTT 


... from 
problem 


through 
production 


KEARFOTT COMPONENTS 
INCLUDE : 


GYROS SYNCHROS 


ala 


\ 


MOTOR-GENERATORS 


Engineering ability and production facili- 
ties are as important to you as the charac- 
teristics of the components you select. After 
components are approved, you are de- 
pendent upon your supplier . . . dependent 
upon him for engineering assistance . . . 
dependent upon his ability to produce 
quality products in the required quantities. 

Many of the servo motors, synchros, 
gyros and systems in use today had their 
inception on the drafting boards of Kear- 
fott's engineers. This is proof of Kearfott's 
engineering ability. Kearfott offers com- 
plete engineering service before, during 
and after the purchase of a component. 

Modern buildings, over 430,000 
square feet of floor space, equipped with 
the latest in precision machinery, manned 
by 3,400 highly skilled specialists, are your 
assurance of Kearfott’s ability to produce. 

Yes, Kearfott is a dependable source 
of supply. If you have a design problem 
or require a special or standard compo- 
nent, contact Kearfott. 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 


other high accuracy mechanical, elec- 


trical and electronic components. 


Send for bulletin giving data of com- 


ponents of interest to you. 


earjfott 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. * 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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measure batches of items on a produc- 
tion line, through a machine, etc. 
It subtracts one from a preset figure 
with the receipt of every pulse. 
When zero is reached, a control or 
alarm circuit is closed and the coun- 
ter automatically adds pulses up to 
the preset figure. At this point the 
control circuit closes once more. This 
cycle continues without attention. 
Spencer Mfg. Co., 3253 N. Cicero 
Ave., Chicago 41, Ill. 


Circle No. 43 on reply card 
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MAGNETIC MATRICES speed 
digital computer mock-ups. 


| A] 
| 1] 


| 
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Mock-ups of digital computer 
memories are facilitated by small-scale 
models built from kits consisting of 
matrices similar to the one in the 
cut. These kits also contain switches, 
driver transformers, work-select matrix 
switches, and impedance matching 
transformers. The 256<ligit square 
matrix comes with a single diagonal 
readout line using the half-current 
principle, or one diagonal line and 
another that passes through all the 
cores in the same polarity as the X 
and Y lines. Also available is a 256 
four-digit word storage array with 
each word line brought out separately 
so that only the desired cores are dis- 
turbed on read-in and out. Two read- 
out leads are passed through each of 
the cores of the digit array, one in the 
same polarity through all of the cores 
and another that alternates. 





Included among available compo- 
nents are current transformers for con- 
necting driver tubes to the individual 
branch lines of the matrices, or to 
matrix switching units. ‘The latter 
are also available. Valor Electronic 
Components Co., 5808 Marilyn Ave., 
Culver City, Calif. 


Circle No. 44 on reply card 


SOME GLASS-TO-STEEL 
— HERMETIC TERMINALS 


S.... the day Fusite started business 
we've planned, worked and talked quality. 


t 


SENSITIVE motion transducer 


_ The price of Fusite Terminals has always 
senses moving metal. 


been set by what it cost to produce them 
The little instrument above is a 


new, high-sensitivity model of a well- 
established motion transducer. Its out- The very same policy is in effect as we 
put voltage is produced when the mag- 
netic field of a built-in permanent 
magnet is distorted. This distortion prices by as much as 35% on some models. 
may be created by the passing teeth 
of a gear, or by the projection or eccen- 
tricity of a rotating shaft. The stain- has so cut our costs that we are able to make 
less steel body is about the size of the 
mike cable connector it resembles. a : 
Impedance is 2,800 ohms at 1,000 cps. quality hitting new highs. 

It’s called the Model 3030. Electro If yours is one of those companies which 
Products Laboratories, 4505 N. Rav- eo er ee 

enswood Ave., Chicago 40, III. ee ee a 


could not afford—that our terminals were 


plus a reasonable profit. 
adopt a new price structure that lowers 
Our greatly increased volume of business, 


satisfactory profits on reduced prices with 


Circle No. 45 on reply card 
better than you had to have, we'll be happy 


to quote today. You'll be happy, too. 
MOTION 'TRANSDUCER: The in- 
formation we have tells us Model 50 


A is extremely similar to the one 
above. Minatron Corp., Belle Mead, 


an Circle No. 46 on reply card ic iwe 


Write Department N-3 


rUSITE conor 

9 y —_ ta 

PRESSURE PICKUPS: Model S-6 7 \ rue see = Fi CORPORATIO ' 
pressure transducer is a single coil 1 “<4 (6026 FERNVIEW AVENUE 


diaphragm-type variable inductance | ag ee ia CINCINNATI 13, ORIO 
unit, % in. diam by % in. long. Its rise 
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CHOPPERS 


For 60 Cycle Use 


Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 


Long life. 
Low noise level. 
Extreme reliability. 


Write for 
Catalog 370. 


STEVENS 


INCORPORATED 
ARNOLD 


22 ELKINS STREET 
SOUTH BOSTON 27, MASS. 


Design for Low Control Cost... 


ARENS “Seven Al FS 


Standards” may help PUSH-PULL 
you save money. CONTROLS 


hi 
2 ee 


4 


Low in price, easy to install, there are seven standard 
Arens designs to meet light, medium and heavy load 
requirements. They are available with a variety of con- 
trol heads, casings, and end fittings. Special controls 
can also be designed to meet specific requirements. 
Design with Arens Controls in mind... and save. 


Write for Catalog 


Ab r he, % CONTROLS, INC. 


2027 Greenleaf Street, Evanston, Illinois 
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time to a step input is about 50 
microsec. Pressure overloads by a 
factor of 10 do no harm to it. Stand 
ard pressure ranges are from 1 to 500 
psi. Ultradyne Engineering Labs, Inc., 
P. O. Box 8007, Albuquerque, N. M. 


Circle No. 47 on reply card 


LOW-LEVEL magnetic amplifier 
for sensor inputs. 


[lie type Se-LL-60, designed for 
use with de inputs from thermocou 
ples, photocells, strain gages, current 
shunts, and similar sources, features a 
power gain of many thousands. Its 
de output can operate a 45 milliwatt 
relay with an input signal of only 0.2 
microwatts. In a typical performance, 
150 microamp input produces 55 milli- 
watts. Cost in quantities is near $50. 
Stator Electric Corp., +6-25 58th St., 
W oodside vos N. i # 


Characteristics 


Control coil resistance.......10 to 
1,000 ohms 

Power source 25 v 60 cps 
Time constant 1 to 10 cycles, varying 
with signal source impedance 

2 in. by 24 in. 


Circle No. 48 on reply card 


HIGH SPEED RADIATION DE 
PECTOR:  Half-second readings of 
98 per cent of any temperature chang¢ 
is claimed for a new group of radia 
tion pyrometers. Wide or narrow an 
gle models for intermediate or high 
temperature ranges are in_ stock. 
\linneapolis-Honeywell Regulator Co., 


Industrial Div., Philadelphia 44, Pa. 
Circle No. 49 on reply card 





GEIGER COUNTER for x-ray 
spectrography. 


This Geiger counter tube is de- 
signed for X-ray spectrographic work 
involving elements such as_ phos- 
phorous, silicon, and aluminuin. It has 
a resolving time of approximately 150 
microsec, a threshold of approximately 
800 v, and a background, with 2 in. 
of lead shielding, of 75 counts pet 
min max. North American Philips 
Co., Inc., 750 S. Fulton Ave., Mount 
Vernon, N. Y. 

Circle No. 50 on reply card 


PLATINUM TEMPERATURE 
SENSOR: A _ platinum § temperature 
sensing clement gives a new resistance 
temperature detector high-speed re- 
sponse through the range ef 330 to 
1,380 deg F and an accuracy to within 
plus or minus 0.6 per cent. Fielden 
Instrument Div. of Robertshaw-Fulton 
Controls Co., 2920 N. Fourth St., 
Philadelphia 33, Pa. 


Circle No. 54 on reply card 


FEEDBACK FANCY 


Needed: Some way to unsnarfle poor 
old Dobbin after chow. 


Suggested: Why not a level indicator 
that sounds a gong when the feedbag 
is nearly empty? 





BUWMAR 


INSTRUMENT... 


Precision Miniature Speed 
ucer, available in standard 


s from 13:1 to 4000:1 


§ 107U Universal Geor Troingiit, 
| features 20 common ratiof® 


satisfy most laboratory ne@®s. 





quirements. Adapts to M 
} or equivalent motors. 


Bi with return to 0°. Revers- F 
| ible operation. 


1384-GH Servo Motor ri 
Head, meets MIL-E-5272 


1 Angle Counter, indicates © 
: vlor increments from 0° to 


45 





Design and production of custom 
electromechanical assemblies 


are Bowmar’s prime functions. | 


Due to wide customer accept- 
ance, many such assemblies— 
and modifications of them—have 
been standardized and cata- 
logued for quantity production. 
Data on the representative 
group illustrated above and on 
parallel services and products 
will be sent on request. There 
is a Bowmar representative in 
most major cities. 


FREE CATALOG, 





US Cwnni/t. INSTRUMENT coRP. 


2315 PENN 


LVANIA STREET ° 


DECEMBER 


FORT WAYNE, 


1955 


INDIANA 
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Your kind of ... 


Solenoid Valves 


There JS something better in solenoid valves— 
the new Marsh Electrimatic. Bodies machined 
from solid brass stock mean extra strength, 
greater dependability. Coils are moisture and 
frost proof. Valves are tight seating, smooth, 
positive, quiet. Types for 

wide range of applica- 

tion: direct acting 

—or pilot 

operated 

for large 

capacity. 


. . . Outline your 
conditions and we 


will tell you how we 
can help you with 
your Solenoid prob- 
lems. 


MARSH INSTRUMENT Co. 
Sales offiliate of Jas. P. Marsh Corp. 


Dept. Y, Skokie, Ill. @ Marsh Instr. & Valve Co. (Can.) Ltd. 
8407 103rd Street, Edmonton, Alberta, Canada 








New /ow-cost 
eileciay:\ Gm seo)] Sa | ea. 


SADIC DIGITAL VOLTMETER (TYPE 33-110) 
is CEC’s newest unit for low-voltage 
analog-to-digital conversion. It offers true 
economy plus high accuracy. Output in- 
cludes illuminated numerical display 
(above) and decimal-coded contact clo- 
sures. Suitable for bench use or rack 
mounting (two units fit side by side in 19” 
rack) the 33-110 is useful for both lab- 
oratory indication and as a building block 
for automatic data-processing systems. 


SPECIFICATIONS 


. digital range 000 to 999 (1000 steps) 
0 1/10th % of full scale 
. . Sensitivity 10 millivolts provides 
full-scale output 
.-. balance time ............. 0.8 second, max. 7 als , 
... power source 105-115 volts a-c Send for Bulletin CEC 3009-X1 


Consolidated Engineering 
Corporation 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit, 
New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 
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NEW PRODUCTS 


ASSORTED 
COMPONENTS 


{D 
as | 
SUBMINIATURE connectors 
use printed circuits. 


The photo above indicates printed 
circuit male connectors are now on 
hand. Contact surfaces are gold. Up 
to 12 leads are accommodated by this 
under-l-in. connector. A second, larger 
series accommodates 12 circuits on a 
set of connectors about 14 in. wide. 
The smaller 2 and 4 contact models 
are less than % in. wide. Circon Com- 
ponent Co., 17544 Raymer St., North- 
ridge, Calif. 

Circle No. §2 on reply card 


SMALLER TRANSISTORS: Ray- 
theon’s new units are so small that 
four can cover a dime without over- 
lapping. Models 2N130, 2N131, 
2N132, and 2N133 feature an average 
noise factor of 6.5 db. They are in- 
tended for audio or low radio fre- 
quencies. Raytheon Mfg. Co., Newton 
58, Mass. 

Circle No. §3 on reply card 


PRINTED CIRCUIT CONNEC- 
TORS: ‘These connectors, available 
in single and double row models, fea- 
ture 6, 10, 15, or 22 contacts. They 
will accept variations of from 0.054 
to 0.071 in. in the standard ‘Ys-in. 
thick printed circuit card. Wiring 
styles include solderless wire wrap, 
solder lugs, or taper pins. DeJUR- 
Amsco Corp., Electronic Sales Div., 
45-01 Northern Blvd., Long Island 
City 1, N. Y. 

Circle No. 54 on reply card 


SMALL GEAR BOXES: Ranges 
from 4:1 to 12,000:1 are available 
with torques to 200 in.-oz. Size is 
about 14 by 14 in. Motor shaft can 





be used in place of conventional input 


REMOTE | ConTROL 
shaft and coupling. Southwestern 


Industries, 5880 Centinele Ave. Loe of your entire plant operation 
Angeles 45, Calif. 


:. 5 e 
Circle No. 55 on reply card -..at your fingertips: 


FREQUENCY CONVERTER: 
Converting 60 cycle current into 400 
cycles is the function of a new “No- 
brush” frequency converter. Unit is 
no larger than driving motor alone, 
says the maker. Input voltages can 
change 10 per cent but if input fre- 
quency is constant, output will be 
true to within 2 per cent. A 500 watt 
output model weighs 49 lb. Georator 
Corp., Manassas, Va. 


Circle No. 56 on reply card 








POWER TRANSISTORS: A new 
set of medium power transistors is de- 
signed for Class A or B output or 
driving stages. When mounted on 
an aluminum chassis, a pair of 2N86’s 
in push-pull Class B can give out ap- 
proximately 1.5 watts, even at tempera- 
tures up to 70 deg C. Transitron Elec- 
tronic Corp., Melrose 76, Mass. 


Circle No. 57 on reply card 





with only 


NEVER BEFORE such a simpli- 
fied method of telemetering! 
| Over a single pair of wires. This new telemetering system 
supervises the control of 10, 
— ; - | multiple control of great 16, 20 or 32 plant 
NEW TUBING and fittings numbers of functions is possible. operations instantaneously! 


speed air assembly. The unit is rugged, compact, 


Here’s a new line of instrumenta- | economical to run—an ultra Combinations of — units 

tion fittings of unplasticized polyvinyl | ,.¢); . Can increase Contre: te 
; gee. reliable machine that affords 

chloride, and for use with them, cor- : ss ‘ 100, 250 or even more 
rosion resistant flexible tubing. These | Complete plant control with functions, if needed. 
products, says the maker, permit an | the push of a button or switch. 
entire air instrument assembly to be | 
put together without the aid of 

Tench ari nding tc ° ° ° ° i 
wrenches, flaring or bending tools, Write for detailed specifications motors, switches, fans, 
stretchers, ferrules, or sleeves. All | ianal 

: a signals, etc. 
that’s needed are knife and scissors. | 
The fittings and tubing are furnished | ee 7 
in both 4 and # in. sizes. A wide | 
variety of special purpose fittings for | 
the tubing will withstand up to 150 | 
psi at 75 deg F. Tube Turns Plastics, 
Inc., Louisville, Ky. | 
| 


Push button or switch control 
operates valves, pumps, 


oe erence meee 


% © Control Equipment & Systems 
\ @ Wind Tunnel Instrumentation 
TALLER & COOPER, INC. ® Toll Collection Systems 

@ Digital Computers 
ENGINEERS * MANUFACTURERS = ® Special Purpose Printers & 


Instrumentation 
75 Front Street * Brooklyn 1, N. Y. , © Chemical Analyzers & 


Circle No. 58 on reply card Control Equipment 
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Complete Flexibility 


with a 2 





series ‘‘U*’ 
UNIVERSAL MOUNTING 
AIR CYLINDER 








Here is a new series of extremely 
compact air cylinders which require 
very small mounting area. You get four 
mounting types—foot, front flange, 
rear flange, and clevis provided 
integrally by drilled holes in the heads. 
The installation is much more rigid 
and assembling or stocking of miscel- 
laneous attaching brackets is eliminated. 


Stainless steel piston rods and hard 
drawn brass barrels assure corrosion 
resistance with low frictional 


characteristics. 


they’re 
COMPACT 
RUGGED 
EFFICIENT 

§ too... 


& 


Write for further 
information today! 





3823 PACIFIC AVENUE 





tathou— 


MANUFACTURING CO. 


CINCINNATI 


12, OHIO 


é Clary/ 
printed digital 


4 retordigg 


NOW WITH CLARY NUMERICAL DATA PRINTERS you have a choice of 
machines which convert your output to printed digital recording. 


Now, to solve a wide variety of recording applications, choose Clary 
models capable of accepting either serial-type entry or parallel entry. 
The low cost and extreme flexibility of Clary automation equipment 
have already made it a prime factor in science and industry—including 
automatic printing of computers; analog-to-digital converters; scales; 
digital voltmeters; automatic production devices; 
electronic counters; inventory systems; tempera- 
ture and pressure-recording systems; weather ob- 


servations; laboratory instrumentation. 


We also engineer and produce the 
Input Keyboard, Printing Timer, 


adding cash 
machines registers 


versatile Clary 
and other spe- 


craft 
aircra’ electronic 2 





cialized counting and recording equipment. Call N ee Ae 


or write: Electronics Division, Dept. Y 125, Clary 


Corporation, San Gabriel, Californi 
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NEW PRODUCTS 


MINIATURE ROTARY switch 
weighs only '2 oz. 


A new, 12-position miniature switch, 
interrupting up to 4 amp at 115 vac, 
can be furnished for either continuous 
rotation or rotation limited down to 
two positions. Only j in. sq, the little 
switch accepts up to six decks, and 
is available with a water-tight seal 
incorporated in the out-mounting nut. 
Solderless connector terminals with 
taper-tab ends, and matching recep- 
tacles for the connecting wires, can be 
supplied. R-F Electronics, Inc., Div. 
of Electro Switch Corp., Weymouth 
SS, Mass. 


Circle No. §9 on reply card 


MINIATURE CLUTCHES less 
than 2 in. in diam. 


Although little (only #8 in. OD), 
these clutches can be used at speeds 
up to 4,000 rpm to deliver 30 oz-in. 
torque. Response time ranges from 
10 to 15 millisec. Inertia of the arma- 
ture is 6.6 x 107 slug-foot*®. ‘The size 
100 clutch operates at 28 or 100 vde. 
Dial Products Co., 9 Avenue I, Bay- 
onne, N. J. 


Circle No. 6@ on reply card 


FOOTSWITCH: A new footswitch 
with ears for floor or machinery 
mounting has construction ruggedness 
that enables it to withstand heavy 
abuse, says the maker. It’s called the 
IS 15 AM and can be obtained with 
contacts rated for up to 15 amps. 
Vemaline Products Co., P.O. Box 222, 


Hawthorne, N. J. 
Circle No. G64 on reply card 


FEEDBACK FANCY 


Needed: More mobility for the yachts- 
man. 


Suggested: A robot rowboat that aquto- 
matically uncouples from mooring and 
putts in, following a lightbeam from 
dockside. 





IN RETURN 
FOR 
CHARACTER 


A CAREER 


Because the finest single attribute anyone can offer 
is character, this, basically, is what IBM asks of its 
people, whatever their special aptitudes or abilities. 
IBM offers them in return—not just a job—but a 


career, 


IBM field engineers and technicians, for instance, 
receive more than training and early responsibility; 
they have a chance to work with the world’s largest 


computer, use the latest testing equipment, employ 


the finest computer testing techniques yet devised. 


Above all, they have the satisfaction of joining the 
electronics industry's most advanced program, des- 


tined for long-range national importance. 
You could ask for no finer future. 
For further information about engineering and technician 


assignments available at IBM, write: Nelson O. Heyer, IBM, 
Room 2612, Neighborhood Rd., Kingston, N. Y. 


The 702 Electronic Data Processing Machine, typical of advances that have made 
engineering work at IBM one of the most provocative experiences in electronics. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 





® 








Producer of electronic data 
processing machines, 
electric typewriters, and 
electronic time equipment. 
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YANKEE 
INSTRUMENT FAIR 


SYMPOSIUM 
@® 


The Time: January 10 & 11, 1956 


10:00 AM until 10:60 PM 


Sherry Biltmore Hotel, 
Boston, Mass. 


The Place: 


The Sponsor: 
Instrument Society of America— 
Boston Section Inc. 


@ 


NEW ENGLANDERS & 
NORTHEASTERNERS 


who were unable to attend the great Na- 
tional ISA Exhibit on the West Coast this 
fall will find in miniature the opportunity 
to see the same exhibits and equipment 
shown in Los Angeles. 


Many exhibitors will demonstrate hun- 
dreds of new or improved instruments and 
instrument accessories, many with live 
demonstrations, for measurement, and 
control in industry, pilot plant and lab- 
oratory. 


THE SYMPOSIUM 


Concurrently with the Fair two full days 
will be devoted to talks and discussions 
on subjects of instrument interest. Emi- 
nent authorities will describe the latest 
techniques and methods of analysis, 
measurement and contro! both in the lab- 
oratory, and in the plant and field. 


@) 


For Further Information 
Clip and mail in this Coupon 


Yankee Instrument Fair & 
Symposium 


c/o ISA—Boston Section Inc. 
Box 282, Boston 1, Mass. 


Gentlemen: Please send the details of the 
FAIR & SYMPOSIUM 


gk PPrerrererrirerirey ieee re 
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| Pneumatic Dynamics... 


From “Dynamics of Pneumatic 
Control Systems’, by Page S. 
Buckley, E. I. du Pont de Nemours 
& Co. Paper delivered at the 10th 
Annual Instrument Conference and 
Exhibit of the Instrument Society 
of America. ISA Paper No. 55-6-2. 


Because the dynamics of pneumatic 
instruments depend on how they are 
used in a particular system (i.e., how 
they are loaded), the basic problem 
is not to test individual instruments, 
as such, but rather to test segments 
of a control system. Thus, a measure- 
ment should be made from one point 
where the system is non-interacting 
to another point where it is non-inter- 
acting. This eliminates loading prob- 
lems like that due to a significant vol- 
ume at the end of a pneumatic line. 

Although the actual loads on the 
instruments differ, both  board- 
mounted and field-mounted control 
systems can be divided into three 
essentially non-interacting sections: 
> From transmitter output to control- 
ler input. The transmitter, always 
field-mounted, connects to the control 
ler by a relatively short line if the 
controller is field-mounted, and the 
system is faster. But the tubing branch 
that goes back to the board for 
manual-automatic control and indica- 
tion has a serious effect on transmitter 
dynamics. 
> From controller input to valve in- 
put. Again, the field-mounted instru- 
ment has a very short connection to 
the valve input. The controller output 
goes through a cutoff relay operated 
from the manual-automatic station on 
the board, to a branched load. One 
arm goes directly to the valve input; 
the other back to the valve position 
indicator on the board. The restric- 
tion in the cutoff relay and the 
branched load effect dynamics. 
> From valve input to valve-stem po- 
sition. This is the same for either 
system. 


The parameters that vitally effect 


the dynamic response of a pneumatic 
control system are: signal level, signal 
size, transmission line diameter and 
length, transmission line termination, 
and branch loads. Graphs of experi- 


mental data are included for each of 


the parameters except signal level. 
In general, the response is faster for a 
higher level of average pressure; e.g., 


NOW... 


‘a DC Reference Volta 


| That’s Constant 
‘from -55° to + 10078 


Tubeless Constant Voltage Source 
’ For Measurement & Contre! Circuits 


; Designed to replace the chemical cell and { 
VR tube in airborne, laboratory and other 
critical instrumentation, the K-Volt.Standard 
provides constant voltage through extremes } 
of operating conditions . . . including am 
bient temperatures as low as —55° and.up to.‘ 
100°C. Operating from AC or DC supply; it 
employs no tubes or moving parts, is un- 
affected by position, vibration or mechanical 
shock. Negligible temperature coefficient, 
dependable regulation characteristics and 
rugged design make it applicable as an ab- 
solute reference, a constant output working 
supply, or a precision voltage regulator 
wherever specifications demand highest 
stability. Other important features are: 


@ Small size: 1/2” by 114” dia. 

e Power drain less than 1.8 watts 

e Life: more than 10,000 hrs. 

e Vibration: conforms to MIL-E-5272A 

e Miniature 7-pin base 

e Weight: less than 3 oz. 

e Hermetically sealed 

e Random drift less than 0.1% over 
1000 hrs. 


Models to Meet Wide Range of Application 
Requirements: The K-Volt Standard is avail- + 
able for operation from 26.5 volts DC, or 
117 volts AC, 60 or 400 cycles; DC output 

6 volts or 1 volt, at 1 ma or 10 ma. 


For complete specifications 
and performance data, 
Send for bulletin No. C128 


TRADE MARK 


> | 

<a fee //E/V 
Precision Instruments and Control Systems 

_ 58-15 Northern Blvd., Woodside 77, N. Y. » 


pany map? 
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(100) TRANSISTOR POWER SUPPLY. 
Dressen Barnes Corp. News Release 1012, 
one sheet. Model T 100A, described here, 
is a dual-voltage unit with outputs of 0-100 
and plus or minus 0-100 vde. Drift, re- 
covery time, and ripple near negligible. 
(101) CONTROL COMPONENTS. In- 
dustrial Control Co. Spiral data book, 15 
inserts. Leading off this rundown are four 
models of servo amplifiers. Servo multi- 
plier, dynamic analyzer, servo tester, and 
others follow. 
(102) TEST EQUIPMENT. Peschel 
Electronics, Inc. neral 1955 Catalog, 
8 Pp. Covers 13 instruments for testing 
for leakage and high voltage. 
(103) INDUSTRIAL INSTRUMENTS. 
Century Electronics & Instruments, Inc. 
Catalog CGC-300, 20 pp. Describes re- 
cording instruments that perform major 
functions in Century’s vibration and stress 
— system. The system is treated in 
etail. 
(104) PROPORTIONAL CONTROL- 
LER. The Foxboro Co. Bulletin 4-11, 4 
pp. Describes an electric proportional con- 
trol system. Reset action is available. 
(105) RING-JET PUMPS. F. J. Stokes 
Machine Co. Bulletin 756, 8 pp. Traces 
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101 107 
110 116 
118 119 125 
127 128 133 134 
136 137 142 143 
145 146 151 152 


the history of these high-pressure pumps, 
necessitated by modern industrial vacuum 
processing. Conventional speeds exceeded 
by 10-100 per cent. 
(106) MAGNETIC AMPLIFIERS. Feed- 
back Controls, Inc. Publication 101 8/55, 
8 pp. Describes seven magnetic amplifiers 
designed for servo systems or for use as 
output stages. 
(107) TAPE RESISTOR. Hansen Elec- 
tronics Co. Bulletin HEC-1, 4 pp. Covers 
a carbon composition resistor said to be 
ideal for miniaturization and high tem- 
peratures. It is light (0.2 gram or less) 
and small (0.50 by 0.130 in.). 
(108) TITANIUM TREATISE. E. I. 
du Pont de Nemours & Co., Pigments 
Dept. Progress Report 2, 8 pp. A discus- 
sion of this new, lightweight metal that 
is finding increasing use in chemistry, 
aviation, and food processing. 
(109) CHOPPER AMPLIFIER. Offner 
Electronics, Inc. Dynograph Data, June, 
1955, one sheet. This amplifier’s vital role 
in the Dynograph direct-writing oscillo- 
graph is . in text and drawings. 
ough a dc unit, the amplifier is drift- 
free. 
(110) SPECIAL-PURPOSE INSTRU- 


COMPANY 
ADDRESS 


CITY AND STATE 


MENTS. Méicrometrical Development 
Corp. Bulletin, 4 pp. Describes the Profi- 
corder for recording surface — Ball 
Wavometer for measuring ball bearing ir- 
regularities, and the Runout Checker for 
measuring runout during opeation. 

(111) “MOTORIZATION”. ACEC 
Electric Corp. Information Journal, No. 1, 
14 pp. This new magazine will detail prog- 
ress in electric motor unit drives. An in- 
formative lead article classifies variable 
speed problems in the light of torque-speed 
relations. 

(112) VERSATILE VALVES. Automatic 
Switch Co. Bulletins V5003 and V5004, 
one page each. The valves in V5003, 
equipped with one or two solenoids, han- 
dle air, gas, water, or hydraulic fluids of 
10-500 psi pressures. The ones in V-5004 
are general purpose, two-way solenoids of 
an improved, simplified design. 

(113) PRESSURE TRANSDUCERS. 
Datran Engineering Corp. Six data sheets. 
Discusses three units that convert pres- 
sure to frequency, and one that measures 
pressures in non-corrosive liquids or gases. 
Ranges are from plus or minus 0.5-2.5 to 
1,500-3,000 psi. Also covered: a position 
servo and a telemetering oscillator. 
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(114) VALVE COUPLINGS. C. B. 
Hunt & Son, Inc. Bulletin, 4 pp. Mamipu- 
lation of a knurled sleeve locks or 
coupling, releasing or trapping air. Pres- 
sure capacity is 250 psi. 

(115) MEASUREMENT CONTROL. 
Davtronic Corp. Bulletin, 6-pg. gatefold. 
Tells how the versatile LVDT (linear var- 
iable differential transformer) fits into sys- 
tems that measure, control, and record 
pressure, or issue an alarm. 

(116) BOILER PLANT  INSTRU- 
MENTS. The Hays Corp. Publication 


55-605-83, 24 pp. Photos, schematics, and - 


text explain combustion guides, draft gages, 
combustion control systems, and flow, 
level, temperature, and pressure units. 

(117) SWITCHING TRANSISTORS. 
Texas Instruments, Inc. Data sheets DL-S 
545, 546, 547, and 548. The germanium 
units detailed here are designed for com- 
puters and general purpose switching. 

are hermetically sealed, stable, and durable. 
(118) POTTING MANUAL. Cannon 
Electric Co. Manual PM-1, 1955, 12 pp. 
The fact that Cannon plugs are used to 
illustrate the method takes little away 
from the educational value of this booklet. 
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(119) MEMORY DEVICES. Brush Elec- 
tronics Co. Bulletin, 4 pp., and Catalog 
Sheet DD 14020. The bulletin details 
the “Tapedrum”, which can store 5 mil- 
lion binary digits on 50 ft of magnetic 
tape. (The tape can be up to 600 ft. 
long.) The Datacord, subject of the sheet, 
is a tape transport mechanism. 

(120) DIGITAL DECADE COUNT- 
ERS. Brush Electronics Co. Catalog 
Sheet DD 14001. Tells about high-speed 
counters that accept pulses at 0 to 100,000 
counts per sec and read out remotely. 
Readout need not be digital: it may be 
coded or analog. 

(121) LEVEL DETECTOR. Instr- 
ments, Inc. Sheet. Information about a 
new, small and compact sensitive capac- 
itance probe for fluids. It detects, or 
warns of, level. Sensitivity is greatest in 
a foam media. 

(122) MAGNETIC SHIELDS. Magnet- 
ics, Inc. Catalog MS-104, 38 pp. Presents 
detailed engineering drawings of nearly 
three dozen dry hydrogen annealed mag- 
netic shields and discusses metals used. 
(123) ELECTRO-PNEUMATIC CON- 
TROL. Leeds & Northrup Co. Bulletin, 


8 pp. Covers the Series 60 current-adjust- 
ing system that operates with a control 
unit and a converter to change current 
input into air input and actuate a pneu- 
matic control valve. Suggested for oil and 
chemical industries. 

(124) SPRING DESIGN DATA. Spring 
Div. of Hunter Spring Co. Clipped data 
sheets, 10 pp. Line drawings, graphs, and 
charts cover spring index, coil diameter 
variation, modulus, and physical character- 
istics. 

(125) CON ENGINEERING PROD- 
UCTS. Consolidated Engineering Corp. 
An impressive array of bulletins received 
this month covers a playback recorder, re- 
cording oscillograph, strain gages, galva- 
nometers, power supplies, pressure pickup, 
pressure standard, and bridge balance. 
(126) NEW ESI PRODUCTS. Electro- 
Measurements, Inc. Catalog, 4 pp. De- 
scribes such precision electrical instruments 
as an impedance bridge, ac and de gen- 
erator-detectors, and several potentiom- 
eters, Wheatstone bridges, rheostats, and 
capacitors. 

(127) HONEYWELL LITERATURE. 
Minneapolis-Honeywell Regulator Co. Bul- 
letins ion Honeywell’s Brown Instru- 
ments and Industrial Divs. discuss a new 
Moist-O-Graph, a radiation detector, and 
automatic canning. M-H has issued an 
index (Bulletin 100-D, 24 pp.) of cat- 
alogs and bulletins presently available. 
(128) DIELECTRIC CAPACITORS. 
The Gudeman Co. Engineering Bulletin 
XC-201-4, 6-pg. gatefold. Gives salient 
data about high temperature (165 deg C) 
plastic film, hermetically sealed, tubular 
capacitors. Insulation resistance is high, 
power factor and dielectric absorption low. 
(129) PRESSURE GAGE. Instrumen- 
tation & Systems Div. of Norden-Ketay 
Corp. Bulletin 364, 4 pp. Gives standard 
specs and ranges for N-K's bourdon-tube 
Acragage, the first solid-front gage of its 
kind at standard prices. 

(130) STRIPCCHART RECORDERS. 
The Bristol Co. Bulletin, 12 pp. Bristol's 
line of 6-in. recorders for pressure, liquid 
level, temperature, flow, and mechanical 
motion are treated in installation drawings 
and photographs. They can receive re- 
mote pneumatic or electric signals 
(131) PRESSURE TRANSDUCERS. 
Statham Laboratories, Inc. Bulletins 
MPT-1, MPT-130, MPT-131, MPT-132, 
and PA-1, all stapled into a 12-pg. booklet. 
These transducers measure in psia, psid, 
and/or psig. PA-1 describes transducer 
adapters. 

(132) METALWORK GAGING. Free- 
land Gauge Co. Bulletin, 8 pp. A pictorial 
survey of Freeland’s gages and control in- 
struments for the metalworking industry. 
(133) RESISTORS. International Resist- 
ance Co. Bulletins B-2a, B-8a, F-3, P-la, 
and P-2a, 6 pp. B-2a covers Type MW, a 
flat wire wound strip rated at 40 deg C; 
B-8a, 4-watt molded boron-carbon units; 
F-3, high frequency miniature resistors; 
and P-la and P-2a deal with high tempera- 
ture devices. 

(134) RESISTOR GUIDE. International 
Resistance Co. Bulletin, 4 pp. This Offi- 
cial Resistor Engineering Guide for 1955- 
56 gives specs for practically every resistor 
IRC manufactures. 
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the response at 50 psi is definitely | 


better than at 9 psi. 

For large signals, 14 to 2 psi or 
larger, the saturation due to already- 
wide-open pilots slows response. Sys- 
tem response improves as the signal 
gets smaller, until, at 1/10 psi or less, 
static friction and hysteresis (most 
likely in the control valve) add lags. 

A pneumatic transmission line at- 
tenuates a signal much like an electric 
transmission line, and the attenuation 
increases with the length of the line. 
For the case graphed in this paper, 
various lengths of g-in. tubing con 
nected to a 6-in. valve, 20 ft of tubing 
allowed the valve to respond twice as 
fast as 250 ft. In a similar test of 
line diameter effects, §-in. tubing gave 
14 times the response of 4-in. line. 

The pneumatic transmission line 
also has a characteristic impedance, 
and ideally, like the electric line, it 
should be terminated in this imped- 
ance. But this rarely happens. When 
the termination is the topworks of a 
spring-and-diaphragm valve, the termi- 
nating impedance is very much less 
than the characteristic impedance of 
the line and the attentuation and 





Three New 
AC Servo 


asnetic 


mplifiers 


phase shift of the signal are increased. 
If the termination is a valve positioner, 
the small bellows or diaphragm may 
have an impedance higher than the 


115 VOLTS 


Types #= = 


characteristic impedance of the line 
and peaking can result. For short 
lines, severe peaking may result unless 
capacity is added. 

The manual-automatic station is 
part of the controller load and its 
effect on system dynamics can be quite 
marked. For example, adding one 
manufacturer’s station in series with 
250 ft of @-in. tubing and a 4-in. valve 
reduced response by a factor of three. 
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K, G,=Error amplifier 
Ko Gp= Power amplifier 
Kz G3= Lood 

Ka G,= Feedbock circuit 


Similarly, branched loads like those 
that occur with field-mounted control- 
lers can cause serious loss in dynamic 
response. In a field-mounted control- 
ler with a cutoff relay and 10 ft of 3-in. 
tubing, a test was made with and with- 
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STANDARDIZED 


SERVO SYSTEMS 


AND OTHER 


STANDARD 7YPES 
FOR AUTOMATIC 


CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag 
netic amplifiers are 
available for appli- 
cations involving 
automatic control. 


CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 
— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF 
THE GENERAL 


CERAMICS 


< & 5) 
CORPORATION 


@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 
Supply: 115 volt 400 cps. 
Power output: 3.5, 6, 10, 18 watts 
Sensitivity: 1 volt AC 
Response Time: .03 sec. 
Lowest Cost — Smallest Size 
For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec. 
Highest performance — All magnetic 
For further information request Form $496 


@ TRANSI-MAG*: TRANSISTOR + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .01 sec. 
Fast response at high gain 
For further information request Form S499 

(400 cps.); Form $497 (60 cps.) 
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AMPLIFIERS - INC 


Telephone: CYpress 2-6610 
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LEVEL 


and INDUSTRIAL CONTROLS 


@ Write for latest catalog covering the complete line of B/W 
Induction Relays, Relay Enclosures, Contactors and Starters, 
Multiple Pump Controls, Electrode Holders, Starter and Relay 
Combinations, Special Controls and Panels. 


Controls will never trouble you, when you buy B/W 


B/W CONTROLLER CORPORATION 


2200CE East Maple Road, Birmingham, Michigan 


ience pays 


Yes, experience does pay in many 
ways. Our clients know from ex- 
perience they have a dependable, 
responsible source for preparation 
of better industrial and business lit- 
erature. 


Why not do the job right? It saves 
time, money and produces results. 
Let us give you a proposal on your 
next publication. 


We'll do the whole job—from plan- 
ning to printing—or just those parts 
that you need. 


product literature 
military manuals 
company publications 
training material 


Call or write for more information. 


TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc. * 330 
West 42nd Street + N. Y. 36, N. Y. 
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out a branch line that went 250 ft 
back to the board. Removing or iso- 
lating the branch line made the re- 
sponse faster by more than five times. 

The general pneumatic transmitter 
can be represented by the first block 
diagram, where K;G, is the dynamic 
response of the load (tubing, single 
or branched paths, valves or other 
restrictions, and terminations), and 
P, is the resulting output pressure to 
the controller. ‘The response is: 


Pi | KiG, K.G, | 0 

0, 1+ KG, K.G, KG, . 

As shown previously (by Vannah 
and Catheron, ISA Paper 51-6-2), 
the first block can be rearranged as in 
the second diagram, which has the 
same response as the first. ‘Then mak- 
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ing the feedback dynamics, G,, equal 
to the transmission line dynamics, Gy, 
compensates for the dynamics in the 
feedback path. In effect, this closes 
the loop around the transmission line 
and increases response. ‘Iheoretically, 
it should be possible to improve re- 
sponse by 500 to 1,000 per cent, but 
the pilot valve capacity of the aver- 
age transmitter limits the improve- 
ment. 

Several experimental setups have ob- 
tained approximately the results pre- 
dicted above. Graphical results of a 
specific arrangement show an improve- 
ment in dynamic response of 300 to 
400 per cent, limited in this case by 
the roughness of the approximation 
of the transmission line dynamics 
used in the feedback path. 


. . . And Better Memories 
From “Ferroelectric Storage De- 
vices” by W. J. Merz and J. R. 
Anderson, Bell Telephone Labora- 
tories. ‘Bell Laboratories Record’’, 
September, 1955. 

By definition, a ferroelectric crystal 
shows a spontancous electric polariza- 
tion due to an alignment of electrical 
dipoles. This is an electrical analog 





of the spontaneous alignment of mag- 
netic dipoles in a ferromagnetic crys- 
tal. In fact, the two types of crystals 
have a number of similar properties. 
Both types of crystals have an ex- 
tremely high permeability (electric and 
magnetic, respectively), a hysteresis 
loop, and domains. Both have a 
“Curie” temperature, a critical tem- 
perature above which the crystals lose 
their ferroelectric or ferromagnetic 
properties. 

Rochelle salt and potassium dihy- 
drogen phosphate are ferroelectric 
crystals, but barium titanate (BaTiO,) 
is more practical for several reasons: 
it has a high Curie point (120 deg C), 
large crystals can be grown, and its 
electrical properties are suitable for use 
in switching circuitry. A new crystal, 
guanidine aluminum sulphate hexahy- 
drate, (CN,H,) Al(SO,)..6H,O, may 
eventually displace barium titanate be- 
cause of better switching stability at 
high repetition rates. 

In an ordinary dielectric, polariza- 
tion, or displacement of electric 
charges, increases linearly with the ap- 
plied field. The slope of the line is 
the electrical susceptibility, or dielec- 
tric constant. Ferroelectrics have a 
characteristic hysteresis loop rather 
than the linear field-polarization rela- 
tionship. If the crystal is polarized in 
one direction and then the field is 
removed the polarization remains. 
This is called the “spontaneous pol- 
arization”’. 

Because a crystal can be polarized 
in two directions, with cither a posi 
tive or a negative field, it has two 
stable states. It can therefore be used 
to “remember” the binary’ numbers 
Q and I. For example, syppose the 
crystal is to be charged positively, 
i.e., the spontaneous polarization is 
at the positive end of the hysteresis 
loop. If a positive pulse is applied to 
the crystal, the spontaneous polariza- 
tion increases only very slightly dur- 
ing the pulse, and returns to its start- 
ing positive spontaneous polarization. 
It behaves, then, as if it is saturated 
positively, and a very small charge 
flows due to the applied pulse. 

But if the crystal has a_ negative 
spontancous polarization, the polariza- 
tion changes, a relatively large charge 
must flow into the crystal, the hyster- 
esis loop is transversed counter-clock- 
wise to the positive end, and, at the 
end of the pulse, the crystal is left 
with a positive spontaneous polariza- 
tion. Thus, the crystal “memory” is 
interrogated with positive pulses, no 
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AGASTAT 


TIME DELAY RELAY 

Allows operation of auxiliary protective devices* after operating cycle 
is stopped. Easily installed in any electrical line 
The AGASTAT is— 

¢ light, versatile, dependable 

© instantaneous recycling. 

© unaffected by voltage variations 

© adjustable in timing from 0.1 second to more than 10 minutes 

available in models that offer delays on energizing and de 


energizing, two step delays, manually-actuated time delay 
switch, remote push button contro! 


*WRITE for new 4-page application folder describing how one lorge 
company solved its after-operating problem. Address Dept. 421-1220 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 
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external contacts 


Write for illustrated bulletin MD-44 
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JET PROPULSION LABORATORY 


OF THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 


has positions now open in several fields of 


MISSILE GUIDANCE SYSTEM 
DEVELOPMENT 


_ This is an opportunity to associate yourself with the nation’s 
foremost guided missile research and development facility. 


1) System Analysis 


Engineers, Physicists or Mathematicians are wanted for rocket 
guidance system planning and analysis. The work requires a 
combination of imagination and a high level of analytical ability. 
Experience in the engineering type problems of guidance or related 
equipment is very desirable. This overall system work provides 
the opportunity to become familiar with a broad variety of inter- 
esting and challenging fields. Excellent digital and analogue 
computers are available for use in the studies. 


2) Inertial Guidance 


Engineers and Physicists are wanted for missile inertial guid- 
ance component development. Work involves design, development 
and evaluation of gyros, accelerometers, integrators, stable plat- 
form systems and associated apparatus. Particular emphasis is 
placed on the problem of achieving component performance under 
severe environmental conditions, and on development of advanced 
testing techniques. 


3) Layout and Packaging 


Engineers are wanted for layout design and proof testing of 
electronic and electro-mechanical packages with emphasis on meet- 
ing vibration, temperature, and system operation requirements. 


4) Switching Circuits 


Engineers are wanted to design low power switching, control, 
and power circuits, with emphasis on reliability and ease of 
operation. 


The Jet Propulsion Laboratory is located in a suburban area 
of Pasadena, California. It offers these advantages: 

Desirable academic associations 

Emphasis placed on research and development 

Excellent laboratory and model shop facilities 

Attractive salaries 

A stable yet progressive organization 


Interviews are conducted by members of our engineering staff. 
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current flow during the pulse is read 
as a stored 1, and current flow as a 
stored 0. Note that the read-out pulse 
may change the state of the memory, 
and circuitry must be provided to re- 
turn the crystal to its original state 
if the memory is to be retained after 
readout. Note also that a negative 
storage pulse is needed to store a 
binary 1. 

A cell formed by 0.004-in.-wide 
etched wires crossing at right angles 
on opposite sides of a 0.002-in.-thick 
crystal requires about 5 v to switch 
from one state to the other. The 
total charge switched is about 5 x 10” 
coulombs. For a 50-v applied pulse, 
switching time is about 0.25 microsec 
and peak current is about 54 ma. For 
a 20-v pulse, the switching time is 
1.0 microsec and the peak current is 
12 ma. Although the usual load on 
the ferroelectric memory cell is a 
vacuum tube grid, the output current 
is sufficient to operate a relay directly 
if the electrodes are of the order of 
0.01 in.*. The switching time of the 
ferroelectric when operating a relay 
may be several milliseconds. 

An experimental crystal has been 
built that is ¥ in. sq and 0.002 in. 
thick. Sixteen electrodes 0.004 in. 
wide and 0.012 in. apart are etched 
across the face, and 16 similar elec- 
trodes are etched at right angles across 
the opposite face. The cross points 
of these electrodes then, form 256 
noninteracting cells. If E volts are 
necessary to switch a cell, and E/2 
volts are applied simultaneously to 
one electrode and to another elec- 
trode on the opposite face, then the 
cell where these electrodes cross will 
switch. All other cells on both elec- 
trodes will have only E/2 volts ap- 
plied and will not be affected. With 
this scheme, only 32 read-in and 
read-out circuits are needed for a 256- 
bit memory. 

Of all present storage methods, 
ferroelectrics and magnetic cores are 
most comparable in access times, 
switching speeds, and switching power 
consumption. Both can be operated 
by transistors. However, the ferro- 
electrics have advantages over mag- 
netic core storage devices: they do not 
require assembly of individual units; 
they can operate over a very wide range 
of speeds, from microseconds to mulli- 


NN 


seconds; and they require, at lower 
| speeds, considerably less peak power. 
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METER-RELAYS 


For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
any point on 
the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
2%, 3% and 412 inches (all rectangular). 
Two ruggedized and sealed models, 
2% and 31% inches (round metal cases). 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 

25 milliamperes D.C. 

Suggested circuits for meter-relays and com- 
plete specifications including prices are cov- 
ered in new 16-page Bulletin G-6, which you 
can get by writing Assembly Products, Inc. 
Chesterland 22, Ohio. 

Atomic Exposition, Booth 423, Dec. 10-16, Cleveland, Ohio 


Model 261-C Range 0/200 DC 
Microamperes ...Price $33.00 
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7 Famous Features 


TORK TIME SWITCHES EMBRACE 
ANY REPEATING TIME RANGE 
FROM SPLIT MINUTES TO WEEKS 


@ ‘On’ and ‘off’ any time you desire. 
@ Follow sun-time all year around. 
© Skip minutes, hours, days or weeks. 
®@ Constant, time delay or momentary. 
®@ 7 varieties of dials, uses galore. 
@ Indoor, outdoor or explosion proof. 
@ 24-120-230 or 440 volts A.C. only 


Tork Does All These Things, Automatically 
34 YEARS OF AUTOMATIC TIMING 


Synchronous Power from 
—40° to + 140° F 


Tork Literature is Free. Ask For It. 
Bring Your Problem to Us in Detail 


Use The Best—Be Sure—Write Today 
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Machine Computation 


BiBLIOGRAPHY ON MacHINE CoM 
PUTATION, 1945-1954. Compiled by 
Marjorie Comstock. 8% by 103 in., 
36 pp. Published by Brookhaven 
National Laboratory, Upton, New 
York. Report No. BNL 321 
(L-102), May, 1955. 
This monograph includes a 34-page 
“Bibliography on Machine Computa- 
tion, 1945-1954,” listing 1,158 peri- 


odical references arranged alphabet- | 


ically by authors; and a 2-page “Index” 
of 153 topics, to each of which is 
appended the numbers of the perti- 
nent references in the bibliography. 

The book lists technical and non- 


technical articles and unclassified re- | 


ports on the various aspects of ma- 
chine computation published between 
1945 and November, 1954. Three 
major bibliographies on machine com- 
putation have appeared previously: 

1. “Bibliography on the Use of IBM 
Machines in Science, Statistics, and 
Education”, by A. F. Beach, E. V. 
Hankam, and K. M. Sweeney, 60 pp. 
International Business Machines Cor- 
poration, New York, N. Y., 1954. 

2. “Computers: Including Fire Con 
trol Computers, Flight Calculators, 
Mathematical Computers, Navigation 


Computers; a Report Bibliography”, | 


by F. A. Clark, 30 pp. ASTIA Refer- 
ence Center, Library of Congress, No. 
ARC 854, 1954. 

3. “Bibliography on Electronic Com- 
puting”, by R. Serrell and K. J. Rup- 
prech. Edition 3, 91 pp. Radio Cor- 


| poration of America, R. C. A. Labs 


Division, Princeton, N. J., 1953. 
The monograph under review avoids 


| duplication of references in these re 
ports. 


Gyroscope Treatise 


Tue Gyroscope App.iiep. By 
K. I. T. Richardson. 384 pp. Pub- 
lished by Hutchinson’s Scientific 
and Technical Publications, Lon- 
don, England. 30 shillings; sold in 
U. S. by Philosophical L ibrary, Inc., 
15 East 40th Street, New York 16, 
N. Y. 

Twenty-three chapters are grouped 
into five major sections. The sections 
are headed: The Fundamentals, Ma- 
tine Applications, Aeronautical Appli 
cations, Military Applications, 


This text includes a slim bibliography 
of 30 items, but a fine index. 
The first part, on Fundamentals, is 


American Electric 


AIRCRAFT 
ANTENNA SCAN 
DRIVE MOTOR 


Model 228 


For Guided Missile and 
Aircraft Applications 


Built to MIL-M-7969 


49 hp at 7200 rpm, continuous 
duty. 115 V. 1 ph. 400 cps. In- 
duction type. Ambient —65°C to 
+-55°C. Totally enclosed, exter- 
nally cooled. Class H insulation. 
2.5” dia. Weighs 1 lb. 10.5 oz. 


Mt Re 


MODEL 39868 TIMER CON- 
TROL SYNCHRONOUS MOTOR 
— Built to MIL-M-7969 Spec. 
Develops 1/150 hp at 8000 
rpm, continuous duty. 3 in. 
oz. torque at full load. Weighs 
21 oz. Ambient —65°C to 
125°C. Tefion insulated. 





Totally enclosed, externally 
cooled. Frame 1.750” dia. 
115 V. line to line, 3 ph. 
400 cps. 





MODEL 341 CAMERA DRIVE 
MOTOR —Built to U.S.A.F. 
32466 and MIL-E-5272. For 
aerial survey work, 1/35 hp 
at 7200 rpm, intermittent 
duty. 115 V. 400 cps. 
induction A, Welahe 25 
oz. Totally enclosed. Ambi 
ent —65°C to +-85°C. Class 
H insulation. 2.5” dia. 





and | 
Other Applications of the Gyroscope. | 


MODEL 318A DRIVE MOTOR 
for Standard No. 22 CEN- 
TRIFUGAL WHEEL — Built to 
U.S.A.F. 32590 and 41065A 
1/70 hp at 7200 rpm, contin- 
uous duty. 115 V. 1 ph. 400 
cps. Induction type. Ambient 

65°C to +40°C. Class A 
insulation. 2” dia. Weighs 
1 ib 





MODEL 183A RADAR SPIN 
MOTOR —Pressurized against 
35 psi. 1/18 hp at 9500 rpm 
min., continuous duty. 5 in 
oz. stall torque. 115 V. 1 ph 
400 cps. Induction type. Am- 
bient —65°C to + 85°C 
Totally enclosed. 1.675” dia 


MANY OTHER MODELS FULLY DEVELOPED 
American Electric Miniatures are available for 
operation on 60, 400, 1600, or 2000 cps or on 
variable frequencies from 320 to 1000 cps. 


INDUCTION— Output torque range 
from Y2 in. oz. to 120 in. oz. 


SYNCHRONOUS (Hysteresis or Reluc- 
tance Models) — Output torque range 
from ¥/ in. oz. to 120 in. oz. 


Ask for quotations on special requirements! 


American Electric Motors, Inc. 


Miniature Comy 
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2 ELECTRONICS INC 


d,los Angeles 
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CIRCUIT DESIGN 
ENGINEERS 


Write to 
ENGINEERING 


STAFF RELATIONS 
HUGHES 
Aircraft Company 


Tucson, Arizona 


for the 
FALCON 
GUIDED MISSILE 


So accurate and deadly is the Hughes Falcon 
guided missile produced in Tucson, Arizona, for 
the U.S. Air Force, that it has knocked maneuver- 
ing drone bombers out of the air even without an 
explosive warhead. Although its electronic brain 
can outwit any enemy bomber, it is the smallest 
guided missile in production. 

Because of this small size and consequent ex- 
treme miniaturized packaging, new production 
techniques have had to be conceived. This leads 
to production testing of individual parts, small 
integrated units, self-contained components, com- 
plete integrated systems, and simulated environ- 
mental performance. 

Phe development of equipment for producing 
and testing of such a missile provides a continuous 
challenge to engineers experienced in electronic 
circuit design including the following: 

Pulse—Power Supply—Transistor —IF and RE— 
Clamping — Wave Shaping — Switching — Phase 
Shift—Input-Output— Modulator—Discrimina- 
tor—Feedback—Video Circuits. 
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a simple outline of the basic proper- 
ties of the gyroscope, supported by 
examples. 

The second part, on Marine Appli- 
cations, describes the Sperry, Brown, 
and Anschutz and Plath gyro com- 
passes and their use for automatic 
steering control and ship stabilization. 

The third (and largest) part, on 
Aeronautical Applications, describes 
various aircraft gyroscopic and navi- 
gational instruments, gyro-verticals, 
rate of turn indicators, direction indi- 
cators, automatic pilots, flight direc- 
tors, and other aeronautical uses of 
the gyroscope. 

The fourth part, on Military Appli- 
cations, details usage in aircraft bomb- 
sights and gun sights and in the 
control of missiles as exemplified by 
torpedo steering systems and the con- 
trol circuits of the German V1 flying 
bomb and the V2 rocket missile. 

The fifth part, on Other Applica- 
tions, describes miscellaneous uses as 
in the monorail car, the two-wheel 
motor car, and—more currently—a 
German gyro-theodolite used in mine 
surveying. 

An appendix, on simple mathe- 
matics, gives an elementary mathe- 
matical treatment of certain funda- 
mentals of gyrodynamics. 

In general, the descriptive content 
is accurate in statement, though 
somewhat circumscribed at points. 
Although the theoretical content is 


advanced almost without use of mathe- 


matics, the reviewer found the simple 
analysis incorrect in a few places. 
Thomas ]. Higgins 
Professor of Electrical Engineering 
Universitv of Wisconsin 


Other Gyro Books 


(Professor Higgins suggests the fol- 
lowing books to supplement the 
applications book reviewed above, 
and gives his reasons.—Ed. 
1. “The Gyroscope; An Experimental 
Study: From Spinning-Top to Mono 
rail’, by V. E. Johnson. E. and F. N. 
Spon Ltd., London, England, 1911, 
87 pp. Particularly useful for the 
teacher who wishes to run demonstra- 
tions or experiments on the gyroscope 
2. “The Gyroscope; its Practical Con- 
struction and Application: Treating 
of the Physics and Experimental 
Mechanics of the Gyroscope, and ex- 
plaining the Method of its Applica- 
tion to the Stabilization of Monorail- 
ways, Ships, Aeroplanes, Marine Guns, 
etc.”, by P. L. Schilvosky. E. and 





I’. N. Spon, London England, 224 
pp- Similar to Johnson’s text. 

3. “Applied Gyrodynamics: for Stu 
dents, Engineers and Users of Gyro- 
scopic Apparatus”, by E. S. Ferry. 
John Wiley and Sons, Inc., New York, 
N. Y., 1932, 277 pp. A good mathe- 
matical account of basic theory at an 
intermediate level. 

4. “Mechanics of the Gyroscope: The 
Dynamics of Rotation’, by R. F. Dei- 
mel, Macmillan Company, Ltd., Lon- 
don, England, 1929. 192 pp. Re- 
printed, with errata corrected, by 
Dover Publishing, New York, N. Y., 
1950, 192 pp. Essentially the same 
values as Ferry’s text. 

5. “Report on Gyroscopic Theory”, 
by G. Greenhill. Reports and mem- 
oranda No. 146, Advisory Committee 
for Aeronautics, Great Britain. H. M. 
Stationery Office, London, England, 
1914, 277 pp. An advanced mono- 
graph on certain specialized topics. 

6. “A Treatise on Gyrostatics and Ro- 
tational Motion: Theory and Appli- 
cations”, by A. O. Gray, Macmillan 
Company, Ltd., London, England, 
1918, 530 pp. This is, perhaps, still 
the best and most exhaustive text in 
English on the analytic theory of the 
gyroscope. 

7. “Uber die Theorie des Kreisels”’, 
by F. Klein and A. Sommerfeld. B. G. 
Teubner, Leipzig, Germany. This 
four-volume work, a total of 966 pages, 
was issued in 1897, 1898, 1903, and 
1903. Though the applications are 
now dated, its exhaustive account of 
theory makes its value permanent and 
its current usefulness considerable. 

8. “Der Kreisel, seine Theorie und 
seine Anwendugen: Vol. 1, Die 
Theorie des Kreisels (281 pp); Vol. 
II, Die Anwendugen des Kreisels (268 
pp)”, by R. Grammel. Springer-Ver 
lag, Berlin, Germany, 1950. Excellent, 
high-level treatment of the theory; 
many modern applications. 

9. “The Theory of the Gyroscopic 
Compass and its Deviations’, by A. L. 
Rawlings. Macmillan Company, Ltd., 
London, England, 1929, 191 pp. Edi- 
tion 2, revised 1944, 182 pp. Thor- 


ough account of the gyro compass. 


A Sequel to Rhodes 


INSTRUMENTS FOR MEASUREMENT 
snp Controt. Werner G. Holz- 
bock, Askania Regulator Co., Chi- 
cago, 371 pp. Published by Reinhold 
Publishing Corp., New York. 
$10.00 
Here is a long overdue round-up of 
industrial process control instruments. 
Essentially, it is patterned—in content 
as well as in title—after the pioneer 
book by Rhodes (Industrial Instru- 
ments for Measurement and Control, 


REVERE 


Revcothene 
INSULATED 


WIRE 








CHEMICALLY INERT 





Because of its extreme toughness, high heat resistance, and chemical 
inertness, Revcothene insulated wire is widely recommended for hermeti- 
cally sealed equipment . . . for devices operating with small gauge wire 
at high temperatures . . . and for conditions where corrosion is a 
problem. 

Revcothene is silver-plated copper wire with an extruded coating of 
monochlorotrifluoroethylene. Even at 150° C. (302° F.) the insulation is 
inert . . . with no volatile lacquers or plasticizers to ruin contacts. Revco- 
thene withstands abrasion and flexing, and resists such corrosives as 
ozone, acids, alkalis and petroleum products. 

Available in eight standard sizes from 28 to 10 gauge... in 15 
colors. Flexible strandings, copper or silver braid shielding, heavy wall 
insulation and jacketing can also be furnished. Multiple-conductor 
cables are also available. 

Revcothene is only one of many insulated wire and thermocouple 
wire products made to exacting specifications by Revere Corporation 
of America. Technical design assistance gladly offered. Write today. 
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TYPICAL SPECIFICATIONS — 22-Gauge Revcothene Wire 


Spark Test Voltage 7500 

Insulation Resistance 1000 megohms/ 1000’ 

Operating Temperatures: 
Flexing Application 
Non-Flexing Application 

Flammability Does not support combustion 

Operating Voltage 1000 volts 

Water Absorption 0.00 

Effect of Acids & Alkalis Generally unaffected 

Cold Flow (Compressive Strength) 32,000 PSI 

Abrasion Resistance (MIL-T-5438) Passes 36-400 grit aluminum 

oxide with 0.3 pound weight 


—40° C. to 135° C. 
—65° C. to 150° C. 








CORPORATION OF AMERICA 


DECEMBER 1955 


2 


WALLINGFORD, CONNECTICUT A subsidiary of Neptune Meter Company 


121 












AUTOMATIC ELECTRONIC § 


DECADE SCALER 
AND TIMER 


for optimum speed 
and accuracy 











Model N-530A 








The simplicity and accuracy 


Model N-530A 


FEATURES 


SPECIFICATIONS 
@® imput Se tivity 


i. 


e@ Input re 


Stabil ty 
up to 
Ripple 


Write TODAY to our American repre- 
technical data on the 
of EKCO equipment. 


ELECTRONICS, LTD. 


Southend-on-Sea, 
England 


sentative for 


complete line 





Essex 


U S. Sales and Service 


AMERICAN TRADAIR CORP. 


Long Island City 6, New York 
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T. J. Rhodes, 573 pp., McGraw-Hill 
Publishing Co.) which is still being 
ordered in its 194] first edition. Holz- 
bock lucidly, albeit briefly, covers the 
numerous developments since that 
time. 

Like Rhodes’, the new text takes 
individual variables such as tempera- 
ture, pressure, flow and liquid level, 
and in separate chapters shows how 
they are handled by instruments for 
measuring and controlling. There are 
abbreviated Rhodes-like chapters on 
automatic co:trol] mechanisms (elec- 
tric, pneumatic, and hydraulic), as 
well as programming units and final 
control elements. Barely touched on, 
however, is automatic control theory 
—the chapter on this in the 1941 text 
proved to be a rather important and 
advanced contribution. But the nu- 
merous control theory texts available 
today may justify this omission from 
Holzbock’s volume. 

The big contribution this new book 
makes is its elaboration on what 
Rhodes callec “miscellaneous indus- 
trial instruments”. Holzbock devotes 
special chapters to today’s remarkably 
expanded line of equipment for meas- 
uring quality variables such as density, 
viscosity, speed, and 19 forms of prod- 
uct composition. The latter chapter, 
entitled “Analysis”, crams quite a lot 
of information into 41 pages. It de- 
scribes recent developments in meas- 
uring weight, volume, conductivity, 
pH, infrared absorption, ultraviolet 
analysis, mass spectrometry, turbidity, 
magnetism, etc. The descriptions, 
which include pictures and diagrams, 
are terse but factual and accurate. 

Holzbock has done a good job of 
corralling the very latest wrinkles in 
process control equipment—some of 
the units described were only released 
as new products in the past few 
months. Included are such items as 
Fischer & Porter’s “Press-I-Cell”; tur- 
bine, electromagnetic and mass flow- 
meters; gamma ray and sonic level 
measuring units; ultrasonic viscosim- 
etry, electronic digital speed measure- 
ment; GE’s new turbidimeter. A 
short chapter on “trends” weaves in 
the new techniques of miniaturization, 
centralization, and data processing. 
The volume ends with a short glossary 
of automatic control terms. 

This book should prove a readable, 
quick schooling for the newcomer to 
the process control field, a handy re- 
view for the practicing instrument en- 
gineer, and an excellent survey for the 
outsider who would like to know 
what’s available for automatic process 
control. 








PROFESSIONAL SERVICES 


@ Research @ Instrumentation 
®@ Testing © Control Systems 
® Management @ Design 
@ Economic Studies © Patents 








GEORGE P. ADAIR ENGINEERING CO. 


CONSULTING ENGINEERS 
Electronic Controts—Electranic Processing 
Telemetering—C. icati lcrowave 


Televisi ign—D t—Reasearc 
Application 
1610 EYE STREET, N. W. 
WASHINGTON 6, D. C. 
EXecutive 3-1230 














JOSEPH C. ADAMS 
Mechanical design, compatible with system charac- 
teristics. Adjustment of system characteristics to 
optima. Improvement of system characteristics through 
equalizers, 
Electro-mechanical transducers—Power 
Linearization—Analysis by root loci. 
Synthesis by parameter adjustment—Network syn- 
thesis Experimental p lures in transient testing. 
Development planning—Data interpretation in theory. 
178 Hicks Street—Brooklyn—New Work 


devices 








CONTROL SPECIALISTS INC. 
Analysis - Design - Prototype Development 
Automatic Control Systems and Components for Air- 
craft, Guided Missile and Industrial Applications— 
Electronic, Electro-mechanical and Hydraulic Sub- 

system Design—Dynamic Simulation. 
115 EB Arbor Vitae Ingelwood 1, Calif. 
ORchard 2-4819 ORegon 8-4688 








GROVAR, INC. 


Research and Development 


Extensive analog computer facilities utilized for 
process simulation and analysis of control systems 
and components. Pursuant design and construc- 
tion of components. 


1027 20th St. N.W. Washington 6, D. C. 








HANSON-GORRIL-BRIAN INC. 


Specialized Control Systems 
ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 

One Continental Hill Glen Cove, N. Y 
Glen Cove 4-7300 








H. E. SOSTMAN AND CO. 


Electro-Mechanical Instruments 


Transducers and Controls 
for pressure-derived variables 
(pressure, altitude, airspeed, flow, etc.) 


40 East Webster Avenue Roselle Park, N. J. 
CHestnut 1-1237 











W. L. SPIELMAN & ASSOCIATES 
Consulting Engineers 
ELECTRICAL—MECHANICAL—ELECTRONIC 
Design—Development—Fabrication—Test 
Control Panels, Instrumentation, Annunciator System 
Product Assemblies 


4025 Easton Av. JE 1-8719 St. Louis 13, Mo. 








SVERDRUP & PARCEL, INC. 


Consulting Engineers 


Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 


and instrumentation for atomic energy ... . chem- 
ical plants . . . . petroleum refineries .. . . steel 
plants... . test facilities... . and process 
industries. 


915 Olive Street St. Louls 1, Missouri 











WALSH ENGINEERING CO. 


Design and Prototypes 
of Electronic Apparatus 


in which Transformers and Magnetic Components 


are especially important factors in Performance, 
Size, Weight and/or Cost 
34 DeHart Place Elizabeth, N. J. 


ELizabeth 2-7600 














AUTOMATIC 
PYROMETER 


SIMPLYTROL 





Cat. No. 4531 0/2500° F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, ovens, 
and processes. The Simplytrol is economical 
ond reliable with few moving parts. There 
are no vacuum tubes. The regular load relay 
is S.P.D.T. 5 Amps. Optional heavy duty 
relays to 40 Amps. 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F. 
“On & Off’ control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 
pensation. For use with all standard thermo- 
couples. Accuracy 2%. 


switch changes Simplytrol from 
to limit pyrometer for 
safety shut down or warning. Cabinet: 6x 
62x92 inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more data. 
Assembly Products, Inc., Chesterland 22, Ohio. 


Atomic Exposition, Booth 423, Dec. 10-16, Cleveland, Ohio 


“ Auto-Limit”’ 








Instrumentation and Components 
Sales Engineers 


to share in our rapidly expanding 
programs in 


FACTORY AUTOMATION 
PROCESS CONTROL 
AUTOMATIC COMMUNICATIONS 


INSTRUMENTS AND COMPONENTS 
SALES 


Must be qualified to combine sys- 
tems-analysis, applications, and 
sales functions. 


Several positions are to be 
filled immediately by: 


1. Chemical or Petroleum Engineer 
with heavy processing-instrumen- 
tation experience. 

2. Electronics Engineer with heavy 
systems or components experience. 

3. Electronics Engineer with heavy 

sales experience in communica- 

tions equipment. 

Engineers with combinations of 

above experience. 


4. 


Please Phone or Write Dept.: D-6 


Remington Rand 

Division of Sperry Rand Corporation 
Engineering Research Associates Division 
1902 W. Minnehaha Avenue 

St. Paul W4, Minnesota 

Midway 6-9601 











| wuar's aHeaD: MEETINGS 


| NOVEMBER 


American Institute of Chemical Engi- 





neers, 48th annual meeting, Hotel 

Statler, Detroit, Mich. Nov. 27-30 

Institute of Radio Engineers, Profes- 
sional Group on Instrumentation, 
Conference and Exhibition on 
“Data Handling”, Atlanta Bilt- 
more Hotel, Atlanta, Ga. 





Nov. 28-30 | 


DECEMBER 

Twenty-fifth Exposition of Chemical 
Industries, Commercial Museum | 
and Convention Hall, Philadelphia, | 
Pa. Dec. 5-9 

Engineers Joint Council, Interna- 


tional Atomic Exposition, (10-16), 
and Nuclear Engineering and Sci- 
ence Congress, (12-16), Public 
Auditorium, Cleveland, Ohio. 
Dec. 10-16 


American Chemical Society, 1955 
Christmas Symposium on Process 


Instrumentation and Control, 

Princeton University, Princeton, 

N. J. Dec. 29-30 
JANUARY 


National Simulation Conference, In- 
stitute of Radio Engineers, Dallas- 
Fort Worth Chapter (Professional 
Group on Electronic Computers), 
Hotel Baker, Dallas, Texas. 

Jan. 19-21 


| American Institute of Electrical Engi- 


neers, Winter General Meeting, 
Statler Hotel, New York. 
Jan. 30-Feb. 3 


FEBRUARY 


_ Institute of Radio Engineers, Eighth 


Conference 
Municipal 
Okla. 
9-11 


Annual Southwestern 
and Electronics Show, 
Auditorium, Oklahoma City, 

Feb. 


Louisiana State University, 1956 Con- 


ference on High-Speed Computers, 
Baton Rouge, La. 


MARCH 


| Institute of Radio Engineers, Na- 


tional Convention, Kingsbridge 
Armory and Waldorf-Astoria Hotel, 
New York. March 19-22 


Feb. 15-17 | 





OURNS 
PRECISION 


POTENTIOMETER 
INSTRUMENTS 


for AIRCRAFT and 
GENERAL INDUSTRY. 
PRECISION ENGINEERED 


FOR DEPENDABLE 
PERFORMANCE 














ie Bourns instruments feature 
_ the finest design and 3 
_ workmanship in wite- 
wound potentiometry. ; 
Their precise electrical | 
signals, requiring no j 
amplification, are used in 

control systems, 4 








construction guirentess “dl 
accurate and dependable ~ 


/2 1ctUA" 7 Serformance during the 
_ Severe shock, vibration 
| acceleration conditions - 

_ encountered in aircraft 
_ industrial applications. 


accuracy of 0.25% of 
instrument range. 
dual potentiometers and © 

linear or functional ts 
areafewofthe many 
characteristics a age) be | 


~ 


LINEAR 
MOTION 


© 


GAGE 
PRESSURE 





Bourns TRIMPoTS —the 
ultimate in sub- a 
miniaturization — are used — 
for circuit trimmin “se ; 
miniaturized assem 
subjected to pesca 
environmental conditions. 


Bourns many years of 
experience in specialized 
potentiometer instrumen- 
tation, plus modern produc- 
tion facilities, assure you, 
of the highest quality 
instruments attainable. 
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LABORATORIES — 
6135 Magnolia Avenue 
Riverside, California 
Technical Bulletins on Request, Des 279 
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IA 


JET PROPULSION LABORATORY 


OF THE 


CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


Pasadena, California 


has positions now open in the fields of 


GUIDED MISSILE INSTRUMENTATION 
AND TELEMETERING 


The Laboratory has the responsibility for the design and develop- 
ment of complete guided-missile systems such as the Corporal. Much 
of its success is credited to its small but outstanding telemetering 
and instrumentation group, which was one of the first in the nation 
to design and employ transistor telemetering systems 


This is an opportunity to associate yourself with the nation’s fore- 


most guided-missile research and 


development facility. 


Applicants 


must have at least a B.S. in a related fleld from an accredited univer- 


sity with good academic standing 


experience requirements: 


and meet one of the following 


1) Experience or training in transistor circuit design. 


2) Experience in the development of missile telemetering systems 


3) Experienc 
cessing 


e in instrumentation system design and 


data pro- 


Airmail your summary of qualifications and references to: 


cactech | JET PROPULSION LABORATORY 


4800 Oak Grove Drive 


Pasadena, California 
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EXPERIENCE 


More than 38 years experience in design 
and manufacture of finest precision 
products. 

RESEARCH 

Capable mechanical, electrical and elec- 
tronic engineering and research staffs. 


CONTROL 


ENGINEERING 


Towt reasons 


This is a numbering head used in printing accurate steel tapes. 


CRAFTSMANSHIP 


i Specibied, 


PRECISION & PRODUCTION 

Efficient manufacturing facilities for pre- 
cision models and quality production in 
any quantity. 


HIGHEST STANDARDS 

The highest scientific standards inflexibly 
applied to every phase of 

PRECISION MANUFACTURING —Write today for your free copy of the profusely illus- 
trated brochure which shows graphically how BOEHME’S high standards and prompt, 
efficient service can be applied to your own specialized needs. 














WHAT'S AHEAD: MEE T/ N GS 


APRIL 


Special 


Technical Conference on 
Magnetic Amplifiers, sponsored by 
American Institute of Electrical 
Engineers, Institute of Radio Engi- 
neers, Instrument Society of Amer- 
ica, Hotel Syracuse, Syracuse, N. Y. 
April 5-6 


| American Institute of Electrical Engi- 


neers, Conference on Recording 
and Controlling Instruments, Brad 
ford Hotel, Boston. April 26-27 





The bibliography below relates to 
the article by Gilbert Roth on p. 46. 
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. CONTROL VALVES, R. E. Love, 


. VALVE 


. FLOW 


RESEARCH REPORT 
METERS, Part I, ASMI 
port, 1937. 

FLOW MEASUREMENTS, 
search Report, 1940. 

4 STUDY OF DAMPER CHARACTER 
ISTICS, P. S. Dickey and H. L. Coplen, 


ON FLUID 
Research Re 


ASME Re 


“Transactions of the ASME”, February 
1942 

FLUID MECHANICS, R. C. Binder, 
Prentice-Hall, Inc., 1943. 

FLOW AND AREA CHARACTERIS- 


rICS OF OFFSET SHAFT TYPE BUT- 
FERFLY VALVES, Wm. R. Whittaker 
Co., Ltd., ‘Technical Paper No, 51-1, June 
26, 1951. 


CONTRIBUTION TO STUDY OF 
BUTTERFLY VALVES, D. _ Gaden, 
“Water Power’, December 1951 
GATE-VALVE FORCES AND TOR- 
QUES, H. W. Hamm, “Power”, Febru- 
ary 1952. 

SIMPLE AUTOMATIC GAS FLOW- 


LIMITING VALVE, F. Call, “Journal of 
Scientific Instruments”, August 1952. 
PRACTICAL CONSIDERATIONS IN 
SELECTION OF CONTROL VALVES, 
G. F. Brockett, “Instruments”, June 1953. 
SIZING CONTROL VALVES, G. F. 
Brockett, “Oil and Gas Journal”, July 6, 
27, August 3, 17, 24, 1953. 


. DESIGN AND CONSTRUCTION OF 


CONTROL VALVES, D. E. Hostedler, 
“Petroleum Refiner’, August 1953. 


. CONTROL VALVES FOR HIGH AIR- 


MASS FLOWS, F. E. 


ing”, Dec. 4, 1953. 


Swain, “Engincer- 


. FACTS ABOUT MODERN VALVES, 


“Mill and Factory’, May 1954. 

“TIn- 
struments and Automation”, May 1954. 
POSITIONERS, M. Strader, 
“Instruments and Automstion”, July 1954. 


. CONTROL VALVES AND THEIR AP- 


PLICATION, L. 
ments and 
Measurement 
1954. 


H. Allen, Jr., “Instru- 
Automation—Handbook of 
and Control’, December 


CONTROL WITH 
AND PUMPS, R. Hadekel, 
tion’, January 1955. 

HOW TO ANALYZE CONTROL SYS- 
TEMS GRAPHICALLY, H. M. Paynter, 
“Control Engineering”, February 1955. 


VALVES 
“Automa- 








pe \_“FASTAK 


Cameras make 
time wait... 
allow us to 
cose eer" | study and evaluate action” 


Similar letters from many companies and 
research laboratories tell what an important 
part Fastax High-Speed Cameras are taking 

in the design and engineering of their 
products. Recent improvements in the 
















cameras make them even more 
important engineering tools. 
WRITE for new brochure on 
Fastax High-Speed Photography. 


TOGR 
ere AP, , 


. WOLLENSAK 
OPTICAL COMPANY 


ROCHESTER 21, NEW YORK 
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ACCEPTS BINARY 
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Electronics . Avionics *¢ Instrumentetion 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment 
opportunities — executive, management, technical, selling, 
office, skilled, manual, etc. 









NATIONAL 
COVERAGE 


Positions Vacant Selling Opportunities Offered 
Positions Wanted 


Part Time Work i 
Civil Service Opportunities Employment Services 
Selling Opportunities Wanted Labor Bureaus 


Employment Agencies 








Send NEW ADS to CONTROL ENGINEERING, 330 W. 42nd St., N. Y. 36, N. Y., for January issue closing November 29th. 


DISPLAYED —RATES— UNDISPLAYED 


The advertising rate is $17.80 per inch for 
all advertising appearing on other than a 
contract basis. Contract rates quoted on 


request, 
An advertising inch is measured %” ver- 
tically on a column — 3 columns — 30 


inches to a page. 

Subject to Agency Commission. 

$1.80 per line, minimum 3 lines. To figure 
advance payment count 5 average words 
as a line. 


Box Numbers—counts as 1 line. 


Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 
Not subject to Agency Commission, 








UNUSUAL CREATIVE FREEDOM 
ot BENAIX Txonatories DIV 


@ The center of advanced COMPUTER ENGINEERS 
development activities for the Development of special purpose 
Bendix Aviation Corporation digital and analog computers for 
offering excellent opportunities process and business applications. 


in design, research and devel- — ajcpOWAVE SPECIALISTS 
opment. Research and development in ad- 





SYSTEMS ENGINEERS vanced microwave techniques. 
To coordinate and supervise a MECHANICAL ENGINEERS 


group of engineers and mathemati- 


ei : ; Develop mechanical and hydraulic 
cians in systems analysis and design. 


components for servo controls. Sys- 

MATHEMATICIANS tems engineering and dynamic analy- 
Evaluation of servo control and sis of numerically controlled machine 

guidance systems and components of tools. 

@ system Analysis of systems and © Stoft will participate in the initial 

applications. exploration of new fields and the 

MACHINE DESIGNERS development of new commercial 
Design of automatic machine tools, —— 

machine tool hydraulic servos, and All replies confidentiol— 

digitally controlled tools. sein borlal cacune fe: 


CONTROLS ENGINEERS DIRECTOR OF PERSONNEL 
Analyse and synthesize control BENDIX AVIATION CORPORATION 


system and design, develop and RESEARCH LABORATORIES DIVISION 
package such systems. 4855 Fourth Avenue © Detroit 1, Mich. 
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ENGINEERS - CAMERA DESIGN 


Original design of special precision cameras and equipment for 
PHOTO INSTRUMENTATION. This is a new division and per- 
sonnel selected will form nucleus of its engineering department. 
Excellent opportunities. Salaries commensurate with abilities. 


Tae 


Immediate openings for design engineers with a minimum of 10 
years experience in engineering and design of cameras and 
electrical controls. Also X-Ray engineer and electrical engineers 
for camera control circuitry. Must know photographic optics. 
Knowledge of production engineering desirable. 


ipply in person, call or 
AIRCHILD send resume to— 
CAMERA & INSTRUMENT Mr. W. J. Schubert 
CORPORATION Industrial Camera Division 


88-06 Van Wyck Sapeneewey 


Jamaica, L. |., N 
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REPLIES (Bow No.): Addresg to office nearest you 
NEW YORK: 330 W. 42nd St. (36) 
CHICAGO: 520 N. Michigan Ave. (11) 
SAN FRANCISCO: 68 Post St. (4) 
LOS ANGELES: 1111 Wilshire Blvd. (17) 








POSITION WANTED 


Instrument Engineer—10 years chemical and 
pharmac eutical plant experience wishes to re- 
locate in Northern N. J. PW-8217, Control 
Engineering. 


LEGAL NOTICE 


we ete — IRED BY THE ate OF AD GUST 
24, 1912 AMENDED BY CTS OF 
MARCH e *1933, AND JULY : "i948, crit tle 
39, United States Code, Section 33) 
SHOWING THE OWNE RSHIP, 
MANAGEMENT, AND 
CIRCULATION 

Of Control Sesteenrtnn published monthly at Albany, 
New York for October 1, 1955. 

1. The name and address of the publisher, managing 
editor, and business manager is: Publisher, McGraw-Hill 
Publishing Company, Inc., 330 West 42nd Street, New 
York 36, N. Y.; Editor, W. E. Vannah, 330 W. 42nd 8t., 
New York 36, N. Y.; Managing editor, ee E. Stater, 
330 West 42nd Street, New York Y.; Business 
Te R. M. H. Berg, 330 West 42 nd St., New York 
36.N. ¥ 


2. The owner is: McGraw-Hill Publishing Company, 
Inc., 330 West 42nd Street, New York 36, N. Y.; Stock- 
holders holding 1% or more of stock: Donald C. McGraw 
and Willard T. Chevalier, Trustees for Harold W. Me 
Graw,, Donald C. McGraw and Elizabeth M. Stoltzfus, all 
of 330 West 42nd Street, New York 35, N. Y¥_: Donald ¢ 
McGraw and Harold W. McGraw, Trustees for Catherine 
M. Rock, 330 West 42nd Street, New York 36, N. Y.; 
pengit C. McGraw, 330 West 42nd Street, New York 36, 

Y.; Mildred W. McGraw, Madison, New Jersey; Grace 
W. Mehren, 536 Arenas Street, LaJolla, California; Touch- 
a gy & Company, c/o Wellington Fund, Inc., Claymont, 

Jel 

3. The known bondholders, mortgagees, and other secu- 
rity holders owning or holding 1 percent or more of total 
amount of bonds, mortgages, or other securities are: None. 

4. Paragraphs 2 and 3 include, in cases where the stock- 
holder or security holder appears upon the books of the 
company as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee is 
acting; also the statements in the two paragraphs show the 
affiant’s full knowledge and belief as to the circumstances 
and conditions under which stockholders and security hold- 
ers who do not appear upon the books of the company as 
trustees, hold stock and securities in a capacity other than 
that of a bona fide owner. 

McGRAW-HILL PUBLISHING COMPANY, INC 
j A. GERARDI, Vice Pres. & Treas 


Sworn to and subscribed before me this 15th day of 
September, 1955. 
SEAL] ELVA G. MASLIN. 
(My Commission expires March 30, 1956) 





DESIGN ENGINEERS 
INSTRUMENT and CONTROLS 


Expanding midwestern manufacturer of 
power and process instruments and con- 
trols in lakeside city of 30,000 with ex- 
cellent schools, recreational facilities and 
residential areas offers permanent posi- 
tions to two Instrument Design Engineers 
and one Control Design Engineer. Engi- 
neering degree, preferably electrical or 
electronic, required. 

Engineers qualifying for these positions 
should have experience in temperature, pres- 
sure, flow and similar functions with back- 
ground in power or process industries and a 


working knowledge of Electronic and Electro- 
Mechanical Design. 


Send resume to Personnel Director 


The Hays Corporation 


Michigan City, Indiana 

















EMPLOYMENT OPPORTUNITIES 








Here’s Proof that 


- raul ¢ Means Business” 
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= rin 5 = palieaiimailioen aoaaell 
| Ma remee, Yes, There Is Something 
Iministrators = New Under The Sun... 


New 86,000 Sq. Ft. 
LABORATORY ADDITION 


New work under contract at the 
Burroughs Research Center has 
saturated our present facilities, 
making necessary the erection of 
the new 86,000 Sq. Ft. addition 
pictured above to assure an un- 
interrupted continuity in the 
planned expansion of our activi- 
ties for industry and government. 





‘ee 





. and we here at Burroughs, believing that there are 
entirely new, undiscovered concepts and approaches in 
the Field of Computers, Solid State Techniques, Data 
Processing and Transmission, Automation and Process 
Control are expanding the scope of our research func- 
tions in order to find the ideas needed to meet the antic- 
ipated needs of industry and government. To accomplish 
this end we are offering unlimited opportunity for a 
parallel personal growth to qualified people in all levels 
of engineering, physics and administration. 


If you can let yourself go... think and 
create new ideas in the above fields... 


ACT NOW! 


For a Personal Interview at YOUR Convenience... 
PLEASE WRITE OR CALL 

M. E. JENKINS, Professional Placement Manager 

PHONE: PAOLI 3500 Paoli, Pa 


Our Company benefits will meet the most exacting standard 
- our pay is commensurate with your ability and if you 
seek advancement and responsibility, THIS IS IT! 


PERSONNEL GAINS SINCE DEC. 31, 1954 


NOV. Arco 
/ 





1955 


914 
SEPT. 
1955 
JUNE 753 
1955 


MARCH ( 
1955 


arth urroughs 


RESEARCH CENTER 
Po . Paoli, Pa. « On Philadelphia’s Beautiful Main Line 
WORK AND LIVE WHERE THE BEST IN EVERYTHING IS AVAILABLE TO YOU AND YOUR FAMILY 
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EMPLOYMENT OPPORTUNITIES 


+ * at 
F: yes jae? pages 


: < * : . , 


button 2? 


Today at Martin, one of the finest engineering 
teams in the whole new world of flight systems de- 
velopment is at work on tomorrow’s design and 
development problems. 

Most of the people on that team are young—and 
moving ahead fast with a dynamic and fast-moving 
management. 

Push any button and you can get the story of 
some of the exciting things that are happening 
there. 

Contact J. M. Hollyday, Dept. C-12, The Martin 


Company, Baltimore 3, Maryland. 


Pee ORs 
MUA 24 FE 2 Pa 
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CONTROL ENGINEERING 











ENGINEERS 


PERMANENT 
CREATIVE OPPORTUNITIES 
FOR 


ELECTRICAL 


AND 


MECHANICAL 
ENGINEERS 


“Send 


Immediate openings for . . . . 


SENIOR COMPUTER ENGINEER 


At least five years experience with 
analog computers with control applica- 
tions. A degree in electrical engineer- 
ing, or math and physics required. 
Activity is in the field of aircraft and 
missile power plant controls, including 
gas turbine, ram jet, and rocket types. 
Work will be with hydra-mechanical 
pneumatic and electrical components. 
The fuel metering research facility in- 
cludes an analog computer and jet 
engine simulators. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
on research and development of mag- 
netic amplifier circuitry, control systems, 
and component design and testing, 
supervising other engineers and tech- 


COMPUTER ENGINEER 


Graduate engineers thoroughly quali- 
fied as a digital computer programmer, 
capable of he~.ling engineering and 
production calculations, to train present 
personnel in preparation of data for 
computer applications. Set up new ap- 
plications. Work with complex dynamics 
and control problems characteristic of 
the jet engine fuel system and landing 
gear fields. 


LIQUID PROPELLANT 
ROCKET CONTROLS ENGINEER 


Mechanical or electrical engineer to su- 
pervise the research and development 
of liquid propellant rocket controls, sys- 
tems design, component design, de- 
velopment and testing. 
The salary of these positions will be 
determined by your ability and ex- 
perience. 
Send detailed resume listing educa- 


tion, engineering experience, and 
salary requirement to: 


TECHNICAL EMPLOYMENT DEPARTMENT 
BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 


401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you an i di 





te reply— 











EMPLOYMENT OPPORTUNITIES 











% The Predvier of 


an The 
: FIRST NAME 
| %& In Complete Electronic Computing 


Is Expanding Its 
Field Of Operations! 


Yes .. . these are all-important facts 
to men who are not content to follow 
established patterns created by others 
. . - but seek, by their own creative 
and pioneering instinct, to lead the 
field through the development of even 
NEWER and MORE ADVANCED 
methods to be incorporated into 
UNIVAC lil. 


Here at Remington Rand, the first 
name in electronic computing, we 
encourage creative thinking. Where 
others stop, we carry on with new 
applications and developments. That's 
why only Univac, with no “extra” 
equipment, can check its own work, 
read, write and compute simultane- 
ously. To these already proved 
superior accomplishments add the 
speed of Univac Il’s magnetic-core 
storage — and you have the first 
electronic business data-processing 
system to use magnetic core storage 
successfully. 


To Qualified Men 
THE REMINGTON RAND 
UNIVAC DIVISION 
Offers 
Permanent, Well Paying 
ENGINEERING \ 
POSITIONS 











WRITE OR PHONE 


D. A. BOWDOIN 


Placement Manager 


BAldwin 3-7300 


Presents 


OPPORTUNITIES UNLIMITED 


To Experienced Men .. or Those 


Recent Graduates 
Who Can Quadlify As 


Electrical Engineers .. . Circuit Designers to develop 
and apply new circuit techniques. Degree in E.E. or equivalent 
experience required. 


Mechanical Engineers . . . to design and develop 
electro mechanical devices; electronic packaging design and 
development. 


Physicists. . . for Solid State computer components develop- 
ment. Also design of various optical systems; phosphors and 
ferromagnetism; electric contacts research. 


Logical Designers . . . for system design in effecting 
logical functions of electronic data processing equipment. 


The above openings lie in the field of electronic or electro- 
mechanical data processing equipment, research and develop- 
ment and specifically in such areas as Magnetic Tape Mechan- 
isms .. . Paper Handling Devices . . . Magnetic Drum or Tape 
Applications . . . High Speed Mechanisms . . . Transistors . 
Electronic Packaging Design . . . Servo-Mechanisms and many 
other areas of interest. 


Mathematicians >» Chemists 


and Programmers and Metallurgists 

. with experience in elec- ... electro-chemical; physical 
tronic digital computer pro- or inorganic chemistry; mag- 
gramming or extensive math netic materials; magnetic 
background. film deposition. 


Product Analysts .. . experienced in customer applica- 
tion of business machines or related equipment; applications 
analysis. 


In addition to the challenge of being associated with the leading 
men in this field, our qualified employees benefit by a liberal 
cooperative educational aid program .. . health and hospitali- 
zation benefits for BOTH you and your family . . . progressive 
retirement plan... moving and travel expenses. 





J ENGINEERS Wi 





UNIVAC DIVISION 


‘ SPERRY RAND CORPORATION 
2300 W. Allegheny Ave. Philadelphia, Pa. 
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EMPLOYMENT OPPORTUNITIES 
Kear , and kelg B E Lilo ace CORP 
ko dirt ak today. (tellrnt wat af? core. 
6 CU you what Lhink of Tarracinle TEXAS DIVISION 
Vasgree,. LL, make thaw. a. 
1 away of life LOR 

own er gon fgwmes, are 

County 22 Mal and orbly (0 ArincZe © 


WHLrg Positions O 

fier . iti pen For: 

: “Shoo ? rere are SNCLG SERVO-ENGINEERS 

Teme, +. sto hat Laz aheflo ‘oF Z Interested in creative design respon- 
gh. dehocls L care Lehke 


sibilities for helicopter automatic 

and gv controls. Key positions for graduate 

" é az v7 4 7 at Fz J engineers with experience in design 
Kungice Crnecoorlh and development of aircraft automatic 

vA control systems, including circuitry 


f design and analogue computer simula- 

, a ako awn heurehis tion systems and component analysis. 

132 ter Q Tpeere of (35,000 That toaele gue || ELECTRICAL ENGINEERS 

° ; For wide variety of instrumentation 

projects on newly developed rotary 
winged aircraft. 


WRITE: 


MANAGER, ENGINEERING PERSONNEL 
BELL AIRCRAFT CORPORATION 
FORT WORTH 1, TEXAS 














DESIGN ENGINEERS 


GUIDED MISSILES FIELD 


Transducer, Modulator, 
Transmitter Designers 


Progress in guided missile de- 
velopment at this major com 
pany, located in upper New 
York State, has resulted in an 
opening for a transducer de- 
signer able to design circuits or 
components to transform vibra- 
tion, temperature, electrical 
currents and other data into 
voltage form compatible to te- 
lemetry or recovery instrumen- 
tation. This includes application 
of existing designs, and testing 
all designs, 

There is also an opening for an 
engineer able to design and test 
airborne modulator and trans- 
mitter equipment and evaluate 
and test commercial equipment 
of this type. 


4 e These jobs require minimum of 
five years experience. Working 


3 ts conditions and salary at this 
ri g 7 Wi company are excellent and liv- 
. ing conditions equally attrac- 
7 
e " tive. Many opportunities for ad 
fee LE be A ,, J ditional education. 
Send complete resume in confidence to 
‘ . 
2 Caer : P-8179, Control Engineering 
war ‘nena? aars 830 W. 42 St., New York 36, N. ¥. 
2 : Fa 
eee aretKd lr 
—_—_— - e 
. 
lind, Like AeY ar An employment advertisement in this 


t 4 7 EMPLOYMENT OPPORTUNITIES section 
‘ / Cus bp Ee. = will help you find the engineers you need. 
Lr, (erg ° It’s an inexpensive, time saving method 

of selecting competent personnel for every 

Neck engineering job in the control engineer- 


ing field. 
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EMPLOYMENT OPPORTUNITIES 


EE OO maga 


OPPORTUNITIES IN 
DESIGN & DEVELOPMENT 


SENIOR ENGINEERS For gyro system 
development projects, and electrical 
engineers with experience in design 
and development of circuitry for air- 
borne gyro mechanisms, servo mech- 
anisms and their related systems. 
ELECTRONIC ENGINEERS To work 
on autopilot systems development & 
design or investigations, evaluation 
and testing of systems involving inter- 
acting servo loops, servo sub-systems, 
circuitry including audio frequency 
amplifiers, magnetic amplifiers, and 
switching systems. 

DESIGN ENGINEERS For design and 
layout of gyro instrument components 
for aircraft flight control systems. 
Will consider top-grade machine de- 
signers experienced on intricate pre- 
cision mechanisms with engineering 
degree. 


ENGINEERS AIR DATA Development 


a me 





If you are interested in guided oolealin this book will interest you. 


: f e ilere is one of the most complete guides to job opportunities*in the guided missile 
—— or — gir data systems field yet published. In this book, you will find not only a complete outline of the 
- be ny specifically for inputs. objectives and accomplishments of the Bendix Guided Missile Section, but also a 

is cae — of altitude, alti- detailed background of the functions of the various engineering groups such as sys- 
tude rate, mach, air speed sensors and tem analysis, ~ guidance, telemetering, steering inte lige nce, component evaluation, 
instrument servo theory and practice. missile testing, environmental testing, test equipme nt design, reliability, propulsion, 
We are located in Grand Rapids, Mich., and other important engineering operations. Send for your free copy today. 
a good clean & modern city of 200,000, 
where recreational & cultural opportu- 
nities are the finest. 


Competitive salaries. Generous moving 
allowance. All replies held confidential. 
wma, ,£ 
Send complete resumes to: 
HT Ae ha hallenging opportunities 
LEAR, INC . ois OPP 


, . 
th 110 lonia Ave. N. W. 
Grand Rapids, Mich. 


“CORNERO N b r a n Cc h O f t h e a V l a t l O n in d u S t ry 


Guided Missile oF re ee 
Bendix job opportunities in guided missiles range from top senior engineers 
ELECTRICAL SYSTEMS to assistant engineers, junior engineers, technicians, and a score of other 


a assignments. 
Guided Missiles is one of the Qualified men are given real job responsibility with Bendix and grow 
fastest-growing, most vital of engi- ‘ ° . ny . 
neering fields. This is an opportu- with the development of what is not only the nation’s most important weapon 
nity to work with General Electric, . “ ° 
a leader in their development and system, but a project that will undoubtedly lead to new and important long- 
production. << 


You'll be required to handle devel- range commercial applications. p : sag wi 

Se er cena tate And at Bendix you will be associated with top missile authorities and 

ee oes eee a ae have at your command unexcelled engineering and manufacturing facilities. 
me —— — i | af . . . . ° ° . 

ment or design of missile or air- If you are interested in a future in guided missiles, the first step is to fill 

craft electrical systems is neces- d > 


sary. out the coupon and mail it to us today. 


ALUDULUUALADAUADADAU AGED EAE AUEUANUAD AURA EEE 


HUUUEUOUAUELAUAGOUAUUUENEU EEL ADUDUEOE EEA 


in the newest and fastest growing 


“ty 
ATL 


wy 


% 
My 
Uy 

“~, 





Va 


are now open! 





This department is composed of 
high-caliber men, and you'll find 
working and living conditions in 
this upper New York State location 
very pleasant. Salary is excellent, 
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Missile Section, Employment 


Send resume to: Department N Name 


MR. JAMES HEVELIN 
Special Defense Projects Dept., 
Rm 206C 


GENERAL @® ELECTRIC 


2900 Campbell Avenue 
Schenectady, N. Y. 
N Y 





Bendix Products Division, 
Bendix Aviation Corporation Address 
401 North Bendix Drive, 
South Bend, Indiana City 


Please send me a copy 
of the book “Your Future State__ 
in Guided Missiles.” 
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1954 


1947 


SYLVANIA grows 33% faster 
than electronics industry 


oo 
= 





3 | ELECTRONICS INDUSTRY A 


millio billion 








Your Future 
Lies with a 
GROWTH 
Firm ina 
GROWTH 
ladustry 








You can move up fastest and most securely with a firm that grows 


...in an industry that grows. 


Projected growth of the electronics industry is more than double 
for the next ten years. Past indications prove that your best 
chance for a career is with Sylvania...in the past eight years 
Sylvania has grown 33% faster than the electronics industry of 


which it is a part. 


Join Sylvania now and grow with it. 





WALTHAM Engineering 


Majors in E.E., M.E., Math, 
Physics. Research & Development 
experience in— 
Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dev. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 

Circuits & Systems 
Circuit Designs 
Shock & Vibration 
Technical Writing 
Missile Analysis 


BUFFALO Engineering 


Majors in E.E., Math or Physics. 
Experience in Advanced 
Development and Product Design 





Information Theory 
Advanced Circuit Design 
VHF-UHF Systems Design 
& Evaluation 
Logical Circuit Design 
Mathematical Analysis for 
Numerical Computation 
Pulse Techniques 
Data Processing Devices 
Components & their Applications 
Magnetic Amplifier Techniques 
Servo Techniques & Applications 
Digital Computer Design 
Control Circuits & Devices 











Missile Systems Laboratory 


Radar Research & Development 

Missile Guidance & Ground 
Equipment Analysis 

Systems Evaluation Operations 
Research 








INTERVIEW & RELOCATION EXPENSES 
WILL BE PAID BY SYLVANIA 
Sylvania provides financial support for 


advanced education os well as liberal in- 
surance, pension and medical programs 





ENGINEER 
M. E. or E. E. 


DIGITAL 
COMPUTER DEVELOPMENT 


Excellent opportunity to join an ex- 
panding, stable company, with an out- 
standing position in the pregision 
electronic control industry. 


Opening now available for an engineer 
able to assume responsibility for the 
development of complete systems for 
fire control and guidance, or major 
portions of such systems. Work will in 
clude research an“ ‘evelopment in the 
field of complex an. 2% or digital com- 
puters. 


& degree in electrical or mechanical 
engineering is required or the equiva- 
lent in experience. Send resume in con- 
fidence to: 


Technical Personnel Dept. 2-500 


ARMA 


Division American Bosch Arma Corp. 
Roosevelt Field, Garden City 
Long Island, N. Y. 


ENGINEER --:> 


ELECTRO 
MECHANICAL 


(or Mechanical-Electrical) 


An opportunity to join General Elec 
tric, a company with a national repu- 
tation for progressive engineering This 
is a position in the important field ot 
guided missiles, and requires back 
ground or experience in electro-me 
chanical or mechanical-electrical en 
gineering. It calls for the design, de 
velopment and evaluation of such elec 
tro-mechanical devices for missile 
borne fusing and arming devices as 
acceleration switches, velocity switches 
(integrating accelerometers), devices, 
electrical and mechanical timers and 
other components. It also includes the 
system application and evaluation of 
commercially available equipment of 
this nature. Excellent salary 


Please send resume 
in confidence to 


MR. JAMES HEVELIN 
Special Defense Projects Dept., Rm 206C 


GENERAL @ ELECTRIC 


2900 Campbell Avenue 
Be 











Please forward resume to: Professional Placement Supervisor 


Thomas A. Tierney 
100 First Ave. 
Waltham, Mass. 


| Randall A. Kenyon 
, 175 Great Arrow Ave. 
| Buffalo 7, N.Y. 


Your inquiries will be answered within 2 weeks 


¥ SYLVANIA ¥ 


SALES ENGINEER 
Metropolitan, New York 


covering Public Utility field for In- 
struments ond Control Equipment. 
Must be a graduate engineer, design 
and operating experience desirable. 
Salary and Bonus. 


RW-8256, Control Engineering 
330 W. 42 St., New York 36, N. Y. 





~ 
? 








SYLVANIA ELECTRIC PRODUCTS INC. 
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: “ ENGINEERS 


_ How do you Measure 


y money, others pr sr 
f their work. But 


b 
Some measure success only 


re) 
the enjoyment they get out 
re 
the true measu 
both plus the knowledge that y 


sreciated. 
recognized a: ad apr 


Melpar en 
nity for professional gr 
part of a highly se geen s ht 

duality; and they 
— integrated facilities 


oletely 
come y from design conce 


sponsibilit 
duction. 

To learn how Mel 

own standards send comp 


; 


Technical Personne 


melpar, 


per: Air Brake 
Bivd., Dept. CE-16 


Subsidiary of We 
3000 Arlington 
11 Galen Street, Watertown, 


of success 1s a com 


ortu- 

ineers find diversity and op} 
: owth; they €njoy being 
taff without losing cheir 


par measures UP f y 
lete resume tO 


1 eae ve 


° Mechanical 
Electronic ‘ 
DESIGNERS °* DRAFTSME | 


success? 


e Network Theory 
e Systems Evaluation 
e Automation 
e Microwave Technique 
e UHF, VHF oF 
SHF Receivers 
e Analog Computers 
e Digital Computers 
agnetic Tape 
. eae sling Equipment 
Radar and 
" Countermeasures 
Packaging E 
: Electronic Equipment 
e Pulse Circuitry 
e Microwave Filters 
» Flight Simulators 
your | . Servomechanisms 
° ‘Subminiaturization 
e Electre- Mechanica! 
Design ' 
uality Contre 
: : Test Engineers 


bination of 
our efforts are 


from Melpat’s 
for system fe 
pt through pro- 


falls Church, Vo- 


M ss. ° bated First St., Cambridge, Mass. 
a 


CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. To figure 


advance payment count 5 average words to 
a line. 


DISPLAYED RATE 
The advertising rate is $17.80 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request. 














OFFICE SALES ENGINEER 


Expanding midwestern manufacturer of data 
reduction systems offers excellent opportunity 
to Electrical or Electronic Engineer with tech- 
nical sales background, preferably in fields 
of instrumentation. 


Position involves handling of correspondence, 
preparation of quotations and other details 
relating to factory sales department functions. 


Send resume to Personnel Director. 


Metrotype Division 
The Hays Corporation 
Michigan City, Indiana 


CHEMICAL ENGINEER 


Leading manufacturer of industrial instru- 


ments located in residential community 
near Boston offers permanent position to 
qualified chemical engineer to assist 
chemical industry sales manager in ap- 
plication and sales development. Two to 


five years experience in chemical plant 





design or operation or instrumentation de- 





NEED ENGINEERS? 


An employment advertisement In this EMPLOY- 
MENT OPPORTUNITIES section will help you find 
the engineers you need. It’s an inexpensive, time 
saving method of selecting gompetent personnel for 
aw engineering job in the ntrol engineering 
he selective circulation of c CONTRO ENGI. 
nee RING ~~ you an opportunity to choose the 





sirable. Include comprehensive outline of 


education and experience in your reply. 


P-8181, Control Engineering 


330 W. 42 St., New York 36, N. Y¥ 











A DEPARTMENT STORE 


FOR YOUR 
ELECTRONIC SUPPLIES 


WE’RE SELLING YOU RELAYS — 

WHAT ARE YOUR OTHER NEEDS? 

Our normal Inventory Includes Over 

80,000 Different Items in the Electronic, 
Radar and Radio Fields 


~ 


ALLIED @ LEACH @ TELEPHONE TYPE 
MINIATURE AIRCRAFT @ GUARDIAN 
SIGMA @ HERMETICALLY SEALED 


ond many others 


STEPPING 
SWITCHES 


+ SEND FOR OUR LATEST BULLETINS 


AND ADD YOUR NAME 
TO OUR MAILING LIST 
cable address: UNIGENCOR, N. Y. 


versa! gene ize) corp. 





INSTRUMENT ENGINEERS 


Pittsburgh Consolidation Coal Company is now entering the process industries. 


This calls 


for further expansion of our Research and Development activity in the general field of coal 
conversion and includes the need for additional instrument engineers in development and 


technical service work. 


We welcome replies from BS-MS instrument engineers who majored 
Mechanical Engineering or Chemistry and with 0-8 years experience. 
technical challenge and the opportunity to participate in the growth 

and expansion of this large company into the process industries. 
development projects now being commercialized include long distance coal 


These Positions offer 


in Chemical or 


Completed research and 
pipeline and 


multi-million dollar chemical plant in Newark, New Jersey. Other projects include continuous 
carbonization, complete refining of tar oils, gas synthesis, etc. 


Please address replies, including education, experience 


William F. Saalbach 
Adviser on Personnel 
Research & Development Division 


, references and salary desired to: 


Pittsburgh Consolidation Coal Company 
Library, Pa. (13 miles south of downtown Pittsburgh) 








New Advertisements 


received by November 29th will appear 
in the January issue subject to limita- 
tion of space available. Address copy 
to the 


CONTROL ENGINEERING 


Classified Advertising Division 
330 W. 42nd St., New York 36, N. Y. 
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Do you 
think about 

Angular 
Acceleration? 


BOEING 


floes 


...and uses Statham Angular | 


Accelerometers to test... 





Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +£1.5 to +3,000 rad/sec? four 
standard models are offered. 


Please request Bulletin AA2 


LL 
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for polar to rectangular transtormation. Servo amplifiers position the two 
ction A for range, section B for azimuth angle. Section A contains a servo- 


iffg precision variable resistor for precise positioning of the shaft. . . 


and a linear 


Sion variable resistor compensated for the load of the RVP3-S59. Use of this com- 
pensated linear potentiometer eliminates the need for an isolation amplifier. Section B 
contains a servo-balancing potentiometer and the RVP3-S59. Outputs from the RVP3-S59, 
whose input is proportional to range, are Rsin@ and Rcosé. 
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Simple trigonometric expressions but an important link in the 
radar system . .. polar to rectangular transformation. Basic 
polar information (range and azimuth angle) must be trans- 
formed into rectangular form for use in analog computers 
and PPI displays. Needless to say, the method used must 
embrace accuracy and reliability. TIC’s precision sine-cosine 
variable resistor RVP3-S59 is especially designed for preci- 
sion resolution of voltages into sine and cosine components. 


The two sliders of the RVP3-S59 rotate continuously through 
360° and develop two electrical outputs . . . one proportional 
to the sine of the shaft angle . . . the other proportional to the 
cosine of the shaft angle. Unique resistance-element design 
produces high conformity of the output to a sine function. High 
resolution adds to the extreme accuracy of the TIC RVP3-S59. 


Because the RVP3-S59 is a resistive device, no compensation is 
required for reactive elements and frequency characteristics. 
The RVP3-S59 may also be used on both AC and DC sys- 
tems . . . and over wide frequency ranges. 


RVP3-S59 

Now Available in 
Prototype Quantities 
From Stock. 


Wide temperature range, excellent environmental stability, and pre- 
cision construction add to the versatility of the RVP3-S59 in: 
“Rotation of coordinate systems. 
“Angle data transmission systems. 
“Automatic control systems. 

“Analog computers. 
“PPI display systems. 


Complete data on the RVP3-S59 and other non-linear potenti- 
ometers available on request 


CHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. COlonial 3-7711 


West Coast Mail Address P.O. Box 3941 


North Hollywood, Calif. 


POplar 5-8620 
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F&P Automatic Logger boosts profit and production in many manufacturing and processing industries. 


Across the Continent, F &P Automatic Loggers 
Are Revolutionizing Instrumentation Concepts 


New digital approach transforms instrumentation 


from capital expenditure to revenue producer 


A new trend in industrial instrumenta- 
tion is exemplified by the expanding list 
of F&P Automatic Logger applications. 
This has produced a radical adjustment 
in the thinking of manufacturers as to 
production and process control systems. 

The Automatic Logger—designed and 
developed by Fischer & Porter—is an 
automatic high-speed means of con- 
verting pneumatic and electrical signals 
of pressure, temperature, flow and other 
variables into digital form, such as type- 


FISCHER & PORTER COMPANY 


COUNTY LINE ROAD 


written log, punched tape or card. While 
logging occurs at preset intervals, the 
logger continuously samples essential 
variables and information for 
readout at subsequent periods. Analog 
computer techniques translate data into 
useful operating guides that result in 
increased production and plant effi- 
ciency—and provide invaluable data 
for planning greater future production. 

F&P Data Reduction & Automation 
Systems combine proven instrumenta- 


stores 


tion components with the newest ideas 
in computer control and digital pres- 
entation of data. This has transformed 
instrumentation from a mere means of 
measurement and control to a new 
operating technique which pays off in 
dollar savings. 

For detailed information about the 
F&P Automatic Logger, what it is doing 
for others, and its potential usefulness 
to you, consult the F&P Sales Engineer 
in your locality. Or write us direct. 


Measuring, recording and controlling instruments 


Centralized control systems 


Data reduction and automation systems 


HATBORO 3, PA. 


Chlorination equipment 


Industrial glass products 


Sales offices in 32 American cities and in principal cities abroad 





